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INTRODUCTION 
The 89th Congress passed, with overwhelming majorities, the Water 
Quality Act of 1965, and it �as signed into law by President Lyndon 
B. Johnson on October 2, 1965 (1). This Act required all states to 
prepare water quality standards for interstate streams within their 
boundaries, and after holding public hearings, adopt such standards 
before June 30, 1967 (2-1). 
After holding the required public hearings, the South Dakota Com­
mittee on Water Pollution adopted, on February 16, 1967, Water Quality 
Standards for the Surface Waters of South Dakota (2-ii). These 
standards were sent to the Federal Water Pollutioh Control Adminis-
tration (FWPCA) for review and approval. FWPCA reviewed these stan­
dards and suggested some modifications. On August 4, 1967, the State 
Committee sent to FWPCA a letter of concurrence with respect to the 
changes in the standards. This letter was attached to the original 
water quality standards as an addendum. On August 7, 1967, the Sec­
retary of the Interior, Stewart Udall, informed Governor Nils Boe that 
the South Dakota Water Quality Standards were officially approved. 
The pending adoption of these water quality standards, in par­
ticular the proposed standards· for the Big Sioux River below Sioux 
Falls, served as the prime factor for initiating a project to determine 
the impact of imposing water quality standards on this reach of the 
2 
river. The project was composed of four phases. The first two phases 
have been completed, this study reports on the third phase, and the 
· fourth phase is �n progress . 
The first phase of the project compared the past water quality of 
the Big Sioux River downstream from Sioux Falls, South Dakota, with the 
quality requirements prescribed in the water quality standards . This 
phase was conducted by John M. Herried (3). He showed that the Big 
Sioux River at Brandon had met the originally proposed state water 
quality standards except for the coliform limits . He emphasized that 
the major reason that these standards were met was because the city of 
Sioux Falls provided excellent wastewater treatment. 
Herried also showed that the Big Sioux River below Sioux Falls 
would be in the intermittent stream use category for a significant por-
tion of the time. The river is placed into this category when the 
daily average wastewater flow or the daily average return flow from 
irrigation comprises fifty percent or more of the flow in the river . 
He further showed that because of the projected increase in wastewater 
flow for the city of Sioux Falls, the frequency of occurrence of the 
Big Sioux River entering the intermittent stream use category would 
increase in the future unless additional dilution water could be pro-
vided (3-23) . 
Herried's analysis was ·completed before the addendum was appended 
to the state standard�. The addendum, in effect, proposed a change 
3 
in the minimum dissolved oxygen requirement for this reach of the river 
from 2. 0 to 4. 0 milligrams per liter (mg/1). Thus, Herried's con­
clusions with respect to the Big Sioux River below Sioux Falls meeting 
the dissolved oxygen parameter may have been premature. 
The effect of the proposed change in standards was discussed by 
Daniel J. Naughton in the second phase of the project (4). He showed 
that the dissolved oxygen concentration in the Big Sioux River down­
stream from Sioux Falls was frequently less than 4. 0 mg/1. Thus, this 
reach of the river did not meet the minimum acceptable dissolved oxygen 
concentration that the FWPCA requested, and during these times it would 
be in violation of the proposed water quality standards. 
Naughton also sought to determine the relationship between dis­
solved oxygen (00) and various river conditions . Using the statistical 
technique of multiple linear regression,. he derived a mathematical ex­
pression equating the minimum dissolved oxygen in the Big Sioux River 
below Sioux Falls with its flow, temperature, and biochemical oxygen 
demand (BOD). With the equation it was possible to estimate, for a 
given BOD and temperature, the flow required to maintain a minimum DO 
concentration of 4. 0 mg/1 as requested by the FWPCA, or 2. 0 mg/1 as 
adopted by the South Dakota Committee on Water Pollution (4-47). 
Naughton's equation was considered applicab�e only when the river 
temperature at Brandon was above o0c. The fourth phase of this project 
4 
will evaluate the relationship between 00 and various river conditions 
when the river temperature at Brandon is o0c. 
The main objective of this study, the third phase of the project, 
was to determine the flow variation of the Big Sioux River throughout 
the year, and to estimate the probable effect of increased water re­
sources development on this flow . The investigation dealt primarily 
with low flows and low flow variation--since water resource develop-
ment is limited by the quantity of water available . 
5 
INFORMATION ON THE B IG SIOUX RIVER BASIN 
Location 
The Big Sioux River Basin• is located in eastern South Dakota, 
southwestern Minnesota, and northwester� Iowa (See Figure 1). It is 
about 210 miles long and about 75 miles wide at its widest point (5). 
It has a drainage area of about 9, 570 square miles, of which 69 per­
cent is within South Dakota, 15 -percent in Iowa, and 16 percent in 
Minnesota (6-2). 
The Big Sioux River originates in northeastern South Dakota and 
flows generally southward until it joins the Missouri River at Sioux 
City, Iowa (6-2) . Its principal tributary is the Rock River which 
drains a total of about 1700 square miles in Minnesota and Iowa. A 
smaller tributary located in southeastern South Dakota is Skunk Creek. 
It has a drainage area of about 540 square miles and enters the Big 
Sioux River at Sioux Falls, South Dakota (5). 
Unlike most of the Big Sioux River tributaries, the Skunk Creek 
enters the Big Sioux River from the west. Most of the Big Sioux River 
tributary streams enter it from the east. The area in the Big Sioux 
Basin west of the Big Sioux River is dotted with·nurnerous lakes and 
ponds, many of which occupy former valleys that have since been 
blocked by glacial drift and have therefore ceased to become drainage­
ways (6-3). As a result, much of the Big Sioux Basin, especially the 
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northwestern part, does not contribute to the flow of the Big Sioux 
River; whereas, almost the entire eastern and southern half of the 
basin contributes to the river flow. 
Basin Geology 
The soil of the Big Sioux Basin is primarily glacial drift. It is 
physically divided into three main groups: till, outwash, and glacial 
lake deposits. The glacial till is a mixture of silt, sand, and large 
rock fragments. It constitutes the greatest part of the glacial drift 
in the basin. The outwash consists of crossbedded gravel, sand, and 
silt, and is common in the valleys and plains of the river's drainage 
system. These outwash areas are a source of groundwater, and in many 
areas, yields from wells are usually sufficient for irrigation (6-3). 
The glacial lake deposits are fine-grained clay and silt which accu­
mulated in temporary lakes and small depressions in the till area. 
These areas are relatively impermeable and are usually from four to 
ten feet thick (6-5). 
Sources of Data 
The flow data used in this study were obtained from the United 
States Geological Survey (USGS) which had stored.the information on 
a magnetic computer tape. The IBM 360 computer �ocated at South 
Dakota State University was used to process the data. The data 
included daily flow records from six stream-gaging stations located 
on the Big Sioux River and one station located on the Skunk Creek 
tributary. The Watertown, Brookings, Dell Rapids, Sioux Falls, 
8 
Brandon, and Akron stations are located on the Big Sioux River . The 
Skunk Creek station is located on the Skunk Creek tributary . 
Fach station was placed in operation on different dates; hence, 
the period of record was different for each station (See Table 1). 
Because a channel was constructed to divert water away from Sioux 
Falls, and, hence, away from the Sioux Falls gaging station, the USGS 
began operation of another station located near Brandon, South Dakota. 
Flow measurements from the Sioux Falls station were discontinued on 
September 30, 1960. Mean daily river flows for the other stream-
gaging stations are continually being recorded; however, in this 
analysis only those recorded river flows through September 30, 1965, 
were used . 
Permits for irrigation are issued by the South Dakota Water Re-
source Commission . These permits serve as a measure of the trends 
in irrigation development in this state (9). The irrigation data 
used in this study were supplied by the South Dakota Water Resource 
Commission and were tabulated by the Economics Department at South 
Dakota State University. 
Table 1 .  Description of Big Sioux River Stream-gaging Stations (7) (8) . 
Non- Total 
Designated Period of Record Used Total Contributing Con tributing 
Gaging USGS Approximate Begin End Number Drainage Drainage Drainage 
Station Station Location of Area Area Area 
Number (mo/yr) (mo/yr) Months (sq. mi.) (sq . mi . )  (sq. mi. ) 
✓ Watertown 06 . 4795 . 00 2½ miles 10/1945 9/1965 240 1800 1400 400 
northwest of 
Watertown 
Brookings 06 . 4800 . 00 9½ miles 8/1953 9/1965 146 4420 1970 2450 
southeast of 
Brookings 
Dell 06 . 4810 . 00 3 miles 5/1948 9/1965 209 5060 1970 3090 
Rapids so�thwest of 
Dell Rapids 
Skunk 06 . 4815 . 00 4 miles 6/1948 9/1965 208 520 0 520 
Creek west of 
Sioux Falls 
✓ Sioux 06. 4820 . 00 1 mile 9/1943 9/1960· 205 5750 1970 3780 
Falls southwest of 
(discon- Sioux Falls 
tinued) 
Brandon 06 . 4821. 00 2 3/4 miles 7/1959 9/1965 75 5810 1970 3840 
northwest of 
Brandon 
Akron 06 . 4855 . 00 West edge of 10/1928 9/1965 444 9030 1970 7060 
Akron, 
Iowa 
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CHARACTERISTICS OF THE FLOW OF THE BIG SIOUX RIVER 
The bulk of the flow of the Big Sioux River is derived from two 
main sources, direct surface runoff and groundwater storage. The najor 
portion of the annual runoff resulta fr?m spring snowmelt and rain 
with about 70 percent of the annual flow occurring from March through 
June (6-32). 
Flow records from the Watertown gaging station, which is located 
near the upper reaches of the river, show that the river at this point 
normally does not flow during the fall and winter months. However, 
farther downstream at the Brookings station, the flow has been zero 
only a few times since 1953 . At the Dell Rapids station and other 
downstream points, the river flow has never been recorded as zero. 
During the fall and winter months the Big Sioux River flow would be 
derived mainly from groundwater storage . Thus, it would appear that 
this groundwater storage has been sufficient to sustain the flow in 
the river at Dell Rapids and at points farther downstream . 
Table 2 shows the mean or average flow in the river for 36 time 
periods throughout the year at the six flow-gaging stations located 
on the Big Sioux River and the one station located on the Skunk Creek 
tributary. Each time period was sel�cted to represent a third of each 
month as separated at the end of the tenth and twentieth day . Thus, 
the third period in_ the month of January and other 31-day months ·was 
Table 2. Mean Flow (cfs) in the Big Sioux River for 
Indicated Periods of Time at Specified Stations 
(Length of Record at Station is Shown) 
Station Watertown Brookings Dell Skunk Sioux Brandon Akron 
Rapids Creek Falls 
Station Number 6479500 6480000 6481000 6481500 6482000 6482100 6485500 
USGS Des ignation 
Period of· Record 
10/1945- 8/1953- 5/1948- 6/1948- 9/1943- 7/1959- 10/1928-
9/1965 9/1965 9/1965 9/1965 9/1960 9/1965 9/1965 
January 1-10 0.64 7. 32 19.57 2.43 29. 84 28.05 101.87 
11-20 0.70 5. 39 15. 67 1.98 25.66 22.90 100.09 
21-31 0. 38<A 3. 29
\bo 
10. 79 1. 27 23. 5�ei,\ 20. 68 89. 51 ri.°>"
A 
'], 
February 1-10 0. 72 4.15 14. 78 6. 16 30.84 23.76 147.11 
11-20 1. 22 8. 77 30. 53 18. 53 117. 48 30.30 328.26 
21-_28 ,29 2. 30i1•A. 38.10�,o 51. 56 19.61 287. 28 0 A.">" 
188. 16 764. 47
,
,._'>-;q.,'b 
March 1-10 3. 89 80.45 118. 50 55. 32 321.55 211.13 1,449. 65 
11-20 22. 61 111. 17 239.06 76.93 658.35 201. 86 2,031. 31 
21-31 74. 23
\,0
of7 544. 82 \i� 789.82 329.58 l,102.38%i� 1,222. 25 2, 507. 30�"'i
t 'l,,, 
11 '1-''· 
April 1.-10 127. 50 763.32 2,102.89 365. 24 1,821. 11 3,442. 86 3,987. 77 
11-20 175. 75 345.43 938.20 121.83 1,158. 50 1,367.30 1,901. 35 
21-30 116. 38A\<1)6 219. 67 i� 531. 50 83.54 788. 78�
�/\ 541.81 1,196. 51
1
t)��1 
\ 1,'I: �'\ 
May 1-10 81.31 197. 08 422.36 66.67 672.85 448. 76 1,081. 91 
11-20 69. 18 195 . 10 396. 15 67.04 560.83 496.13 1,081.12 
2 1-31 97. 38
'1,A
'\� 254. oo
i.A.
b'),.,- 380. 96 64. 31 531.28 �o 658.65 1,204.20 ')4J'
V 
'-'(; 
June 1-10 69. 63 269. 86 353.24 52. 01 501. 96 580.25 1,435.50 
11-20 66. 02 326. 53 547. 46 150. 48 871. 48 620. 76 1,739.88 
21--30 63. 99 -c 216. 60 
� 
395.06 104.35 663. 24 456. 25 1, 526. 15 \? 
']} �'? �t,\ 'b,."\°(l '],,ti 
Table 2 (cont). 
Station Watertown Brookings Dell Skunk Sioux Brandon Akron 
Rapids Creek Falls 
Station Number 6479500 6480000 6481000 6481500 6482000 6482100 6485500 
USGA Designation 
Period of Record 
10/1945- 8/1953- 5/1948- 6/1948- 9/1943- 7/1959- 10/1928-
9/1965 9/1965 9/1965 9/1965 9/1960 9/1965 9/1965 
July 1-10 55. 61 257. 75 362. 06 76. 48 510. 58 387. 10 1, 210. 16 
11-20 38. 99 198. 47 286. 25 42. 73 341. 03 433. 58 828. 15 
21-31 32. 4\).,1� 174. 41 � 259. 83 85. 54 314. 02 359. 33� 654. 89 
�fl.j \\ 
August 1-10 30. 38 220. 99 240. 06 39. 52 245. 57 380. 37 701. 42 
11-20 25. 66 115. 59 172. 04 40. 19 220. 61 180. 9.l 535. 61 
21-31 12. 40 � 73.64 V 160. 73 22. 40 194. 52 133.98 . y 443. 73 
1.,'t> 
A_\
o ti°'" 
September 1-10 5. 26 54. 15 129. 94 15. 84 158. 35 ;117 . 92 567. 93 
11-20 3. 03 54. 29 98. 31 11 . 17 140. 75 92. 81 547. 90 
21-30 1. 99 
"7 
58. 71 i, 98. 65 9. 18 112. 96 124. 10 l\t 362. 08 
,o \bi '?� 
October 1-10 1. 95 34. 00 78. 93 9. 22 108. 59 84. 68 273. 12 
11-20 3. 37 30. 45 63. 28 6.73 104. 31 69. 66 254. 39 
21-31 3. 33�'.:? 29. 57�1) 58. 42 7. 53 86. 51 69. 00 fl)J 219. 15 ').,'\, 
November 1-10 4. 22 27. 57 52. 42 7. 12 87. 41 66. 43 223. 48 
11-20 4. 39 26. 41 51. 74 6. 63 86. 86 57. 58 220. 16 
21-30 3. 45 24 . 15
1
�'v 43. 78 4. 95 75. 01 51. 81 f,'¥, 205. 05 
,'1,\ ,1 
December 1-10 3. 23 20. 33 39. 32 5. 64 65. 25 50. 83 177. 71 
11-20 1. 81 11. 23 27. 20 3. 91 54. 07 36. 08 142. 13 1--' 
21-31 1. 39 9. 23 22. 97 3. 11 41. 25 30. 56 h 127. 20 t-.J 
t..i\· '? A/b .,., ,,\ 
�,,<A \\A: 
13 
eleven days while the third period for February was either eight or 
nine days. 
As shown in Table 2 the highest average river flows have occurred 
during the first ten days in April at all gaging stations except the 
Watertown station which is farthest north. At this station the high-
est average flow occurred during the second ten days in April. 
During these time periods nearly the entire river flow would be de-
rived from direct surface runoff produced by spring snowmelt and rain . 
After the month of June the one-third-month average flows in the 
Big Sioux River and Skunk Creek tributary generally decreased until 
the first ten days in February. The flow in the river from July 
through January would be derived mainly from groundwater storage . 
During this time period the groundwater contribution to the river flow 
generally decreased due to the general lowering of the groundwater 
table . This groundwater table would be raised in the spring due to 
the recharge from the spring snowmelt and rain, and the cycle would 
be repeated during the next year . 
( Direct surface runoff produced by snowmelt and rains accounted 
tr,.___ 
for the greatest amount of the total annual flow in the Big Sioux 
River . The contribution to the annual flow from groundwater storage 
was substantially less; however, this· source sustained _the river flow 
at downstream points, espec"ially during the late fall and winter 
months. 
243651 
SOUTH AKOTA STATE UNIVERSITY LIBRARY 
14 
MEASUREMENT OF FLOW VARIATION US ING FLOW-DURATION ANALYS IS 
The first writings on the flow-duration curve of a stream are 
believed to have been published in about 1878 (10-1249) . Since that 
time the duration curve has gained accep�ance as a method of studying 
stream-flow data and is now one of the most familiar curves to hy­
draulic engineers (11-1213) . A flow-duration curve may be defined 
as a curve that shows the percentage of time that various flows are 
equalled or exceeded. Conversely, a deficiency curve is defined as 
a curve that shows the percentage of time that various flows are 
equal to or less than the flow values indicated . A deficiency curve 
may be constructed from a duration curve, or vice versa, merely by 
using_the component of the time units (12-1242) . 
The flow-duration curve may be used when analyzing the availa-
bility and variability of the flow in the stream . It shows the 
probability of occurrence of various flows, hence, the availability 
of these flows; and, it may be used for investigating problems dealing 
with water supply, power development, sediment production, and 
dilution and disposal of sewage or industrial wastes (13-11). 
The shape of the duration curve gives an indication of the 
variability of the streamflow. A stream with a very uniform flow will 
produce a curve with a flat _slope while a stream with very irregular 
flow will produce a c_urve with a comparatively steep slope. Thus, • 
15 
the characteristics of the stream such as its drainage area, geology, 
topography, soils, vegetation, and other factors, may be indicated 
by the shape or slope of the flow-duration curve (14-1085) . 
Construction 
The information necessary to plot the flow-duration curve may 
be gained by listing all recorded flows under consideration in des-
cending order of magnitude. The first item in this list would be the 
largest flow recorded. The percent of time that this flow was 
1 equalled or exceeded may be determined from the expression, X (100), 
where Xis the total sum of all the items in the list. The second 
item in the list would be the second largest flow recorded. If this 
flow occurred twice, then the second and third items in the list would 
be equal. In this case, the percent of time that the second largest 
flow was equalled or exceeded may be determined by the expression, 
3 
X (100). Each flow listed may be treated in like manner and the re-
sulting information may be plotted in the form of a flow-duration 
curve or recorded in the form of a flow-duration table (11-1216) . 
Frequently there are many items in the original data and it may 
be cumbersome to handle each item . In this case. it may be more con-
venient to group together all the flows that lie between selected 
limiting values, and treat.those flows within a selected range as one 
16 
average flow value which consists of one or more items. The flow­
duration curve or table can then be constructed as described above 
(11-1218). 
Flow-duration curves may be plotted on rectangular - coordinate 
paper, logarithmic paper, arithmetic - probability paper, or 
logarithmic - probability paper . Each type has its advantages and 
disadvantages; however, logarithmic - probability paper is recommended 
for general use (15-11). 
The logarithms of discharge are more normally distributed than 
the discharge itself. Data that are normally distributed plot as a 
straight line on probability paper. Hence, the logarithmic - probability 
paper tends to straighten out the flow-duration curve. Also, it is 
advantageous to use the logarithmic scale for the discharge when the 
range of the discharge is large. An undesirable small arithmetic 
scale would be required to represent a large range in flow, whereas, 
three or four log cycles usually cover this large range in flow. 
The ordinate of the duration curve represents the rate of stream­
flow and the abscissa shows the percent of time; hence, the total area 
under the curve represents the total volume of water discharged during 
the entire length of record from which the duration curve was prepared . 
Further, the area under any part will· represent the volume of flow 
discharged during the period of time covered by that part (11-1221). 
17 
The curve is usually plotted on rectangular - coordinate paper when 
the area under the curve is to be determined (15-11). 
Time Period 
The duration curve may represent apy time period desired as long 
as the data used are from that particular period . For example, data 
for an annual duration curve must be taken from all available records, 
data for a monthly duration curve must be taken from all available 
records for that particular month, and data for a weekly duration 
curve must be taken from all available records for that particular 
week. The duration curve for any time period represents the dis-
tribution of flow which occurred during that particular period (16-
1256). 
Generally, annual flow-duration curves are constructed using nean 
daily flows--although mean weekly, mean monthly, and mean yearly flows 
are sometimes employed. Any lengthening of the time unit, however, 
will result in loss of detail since the flows will not generally be 
constant over the period of time for which they are averaged . Hence, 
it is desirable to use the shortest time unit feasible (11-1222). 
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BIG S IOUX R IVER FLOW-DURATION ANALYSIS 
Annual flow-duration tables of mean daily flows for the Watertown, 
Brookings, Dell Rapids, Sioux· Falls, Akron, and Skunk Creek flow­
gaging stations have been prepared by t�e USGS (8) . These tables show 
the distribution of the mean daily flow for an average year. However, 
because these tables statistically combined spring, summer, fall and 
winter flows, they did not show -the variation in daily flow which 
occurred as a result of seasonal fluctuations . 
Flow-duration curves for the Dell Rapids gaging station derived 
from data on an annual basis as well as for the periods of January 
1-10 and May 1-10 are shown in Figure 2. January 1-10 is a period 
of fairly low streamflow and May 1-10 is a period of fairly high 
streamflow. 
From Figure 2 it can be seen that, annually, the mean daily flow 
at Dell Rapids was 100 cfs or larger for 39 percent of the time from 
1949 through 1963 . However, for the time period of January 1-10, the 
mean daily flow at Dell Rapids never reached 100 cfs from 1949 through 
1965. In the spring, however, the river flow at Dell Rapids frequent­
ly exceeded 100 cfs. From the flow-duration cur.ve for May 1-10 it 
can be seen that the mean daily flow_at Dell Rapids for the first ten 
days in May was 100 cfs or_ larger for 83 percent of the time from 1949 
through 1965. 
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Figure 2. Flow-Duration Curves for the Big Sioux River at the Dell 
Rapids Gaging Station, Dell Rapids, South Dakota, for 
January 1-10, May 1-10, and Annual Periods.· 
20 
In addition to showing that the river flow during May 1-10 was 
substantially .larger than the river flow during January 1-10, these 
curves also show that the river flow in May was more variable than 
the river flow in January. In Figure 2 the slope of the January 1-10 
flow-duration curve is shown to be quite flat. This indicates that 
the river flow during this time period would be quite uniform. The 
slope of the May 1-10 flow duration curve is shown to be quite steep. 
This indicates that the river flow during this time period would be 
quite irregular. 
The differences in the variability of the river flow during these 
two time periods may be attributed to the differences in the ·source 
of river flow for each period . During January 1-10 the river flow 
would be derived almost entirely from groundwater storage; whereas, 
during May 1-10 the river flow would be derived primarily from direct 
surface runoff produced by rain. Thus, it appears that during periods 
when the Big Sioux River flow is derived from groundwater storage, the 
river flow is more uniform than during periods when the flow is de­
rived largely from direct surface runoff. 
Seaso�al variation in the flow is not shown in the annual flow­
duration curve because the annual curve combines all mean daily flows 
which occurred throughout the entire year . The ten-day duration 
curve combines only those mean daily flows which occurred during a 
ten-day period, and it represents the distribution of flow which 
21 
occurred during that particular ten-day period . Duration curves for 
each ten-day period throughout the year may be prepared, and the 
variation in river flow for each of these ten-day periods may be 
determined . 
The information for the construction of flow-duration curves was 
collected for 36 time periods throughout the year for the Watertown, 
Brookings, Dell Rapids, Sioux Falls, Brandon, Skunk Creek, and Akron 
flow-gaging stations . The time periods were selected to represent a 
third of each month as separated at the end of the tenth and twentieth 
days. 
The percent of time that each specific daily flow was equalled 
or exceeded was determined for every mean daily river flow recorded 
in each time period. However, all this information would be cumber­
some to tabulate. For this reason only specific percentages of time 
that the mean daily river flow was equalled or exceeded were tabu­
lated and included as flow-duration tables for this presentation. 
Table 3 shows the flow duration for the Big Sioux River at the Dell 
Rapids gaging station. Similar tables for the Watertown, Brookings, 
Sioux Falls, Brandon, Akron, and Skunk Creek gaging stations are 
included in Appendix A .  
Table 3 depicts the mean daily_ Big Sioux River flows at the Dell 
Rapids gaging station that were equalled or exceeded for specific 
percentages of time throughout the year. For example, from this 
Table 3. Flow Duration of the Big Sioux River 
for Indicated Periods of the Year 
Station: Dell Rapids 
Period of Record: 5/1948 - 9/1965 
Station· No. (USGS Designation): 064810. 00 
Flow (cfs ) That Was Equalled or Exceeded during Indicated Period of Record 
Time Percent of Time 
Period 100% * 90% 80% 70% 60% 50% 25% 10% MAX 
January 
1-10 3. 0 4. 4 6. 0 8. 0 11. 0 18. 0 27. 0 35. 0 70. 0 
11-20 1. 2 2. 9 4. 0 6. 0 10. 0 14. 0 22. 5 26. 0 60. 0 
21-31 0. 2 2. 0 2. 3 3. 6 6. 0 9. 0 15. 0 21. 0 45. 0 
February 
1-10 0. 2 2. 0 3. 8 5. 0 8. 0 10. 0 16. 0 35�0 200. 0 
11-20 1. 0 3. 0 4. 0 6. 0 8. 0 10. 0 20. 0 115. 0 350. 0 
21-29 1. 0 3. 0 4. 0 5. 0 9. 0 11. 0 55. 0 180. 0 600. 0 
March 
1-10 2. 8 4. 0 7. 0 12. 0 18. 0 30. 0 58. 0 300. 0 1, 500. 0 
11-20 3. 0 6. 0 14. 0 30. 0 40. 0 50. 0 300. 0 800. 0 2, 650. 0 
21-31 4. 0 15. 0 50. 0 95. 0 130. 0 209. 0 730. 0 1, 750. 0 15, 900. 0 
April 
1-10 45. 0 131. 0 162. 0 221. 0 297. 0 563. 0 2, 740. 0 6, 700. 0 14, 700. 0 
11-20 40. 0 108. 0 147. 0 186. 0 264. 0 480. 0 973. 0 2, 420. 0 8, 640. 0 
21-30 29. 0 75. 0 163. 0 196. 0 233. 0 351. 0 550. 0 868. 0 3, 560. 0 
May 
1-10 32. 0 72. 0 121. 0 167. 0 208. 0 300. 0 534. 0 943. 0 2, 090. 0 
11-20 30. 0 66. 0 120. 0 161. 0 195. 0 296. 0 539. 0 946. 0 1, 340. 0 
21-31 28. 0 48. 0 101. 0 182. 0 230. 0 289. 0 533. 0 855. 0 1, 530. 0 
June 
1-10 30. 0 44. 0 99. 0 132. 0 186. 0 270. 0 524. 0 712. 0 1, 730. 0 
tv 
11-20 20. 0 36. 0 73. 0 135. 0 200. 0 248. 0 454. 0 1, 080. 0 13, 200. 0 tv 
21-30 l�. O 47. 0 69. 0 118. 0 140. 0 184. 0 638. 0 953. 0 2, 860. 0 * Equivalent to the minimum flow recorded 
Table 3 (cont ) .  
Stat ion : Dell Rapids 
Per iod of Record : 5/1948 - 9/1965 
Station No. (USGS Des ignation ) :  064810. 00 
Flow (cfs ) That Was Equalled or Exceeded dur ing Indicated Per iod of Record 
Time Percent of Time 
Period 100%* 90% 80% 70% 60% 50% 25% 10% MAX 
July 
. 1 - 10 9. 0 32 . 0  50 . 0  82. 0 98. 0 128. 0 457 . 0  1, 010. 0 2, 9 10. 0 
1 1 -20 2. 9 32 . 0  48 . 0  62. 0 79. 0 152. 0 289. 0 526 . 0  2, 930. 0 
21 -31 0. 5 1 8 . 0  27 . 0  39. 0 47. 0 102 . 0  304 . 0  704 . 0  1, 850. 0 
August 
1 - 10 0. 4 1 3. 0  22. 0 42. 0 60. 0 80. 0 279. 0 695. 0 1, 730. 0 
1 1-20 0 . 9  9 . 0 1 8. 0  30. 0 49. 0 56. 0 289. 0 445. 0 9 3 1. 0  
21-31 0. 8 5. 0 26. 0 32. 0 58 . 0  8 1 . 0  226. 0  422. 0 936 . 0  
September 
1 - 10 1 -. 7 '4. 6 17. 0  3 1 . 0  4 1. 0  52. 0 1 60. 0 2751. 0  971. 0 
11-20 L O  4. 1 1 4. 0  2 8. 0  42. 0 45. 0 1 13. 0 279. 0 538. 0 
2 1-30 1 . 1  2 . 8 20 . 0  29. 0 40. 0 63. 0  128. 0 273 . 0  470 . 0  
October 
1-10 1 .  3 2. 8 15. 0  21. 0 31. 0 45. 0 1 1 8 . 0  204. 0 3 1 6. 0  
11-20 1 . 2 3. 6 12. 0 24 . 0  35. 0 45 . 0  99. 0 155 . 0  202 . 0  
2 1 -31 1 . 2 5. 0 15. 0 24. 0 35. 0 45. 0 79 . 0  1 45 . 0  1 92. 0 
November 
1-10 2 . 4 9 . 0 1 6. 0  32. 0 39. 0 45. 0 70. 0 105 . 0  170. 0 
1 1-20 5. 0 1 1. 0  19. 0 28 . 0  36. 0  45. 0 66. 0  125. 0 175 . 0 
2 1 -30 5. 0 10 . 0  1 6. 0  22. 0 32 . 0  35. 0 6 1. 0 90 . 0  150 . 0  
December 
1-10 3. 7 8. 0 9. 0 20. 0 2 8. 0  33. 0  54. 0 75. 0 1 80. 0 
1 1-20 3 . 7  6. 0 8. 0 15. 0 20. 0 25. 0 36 . 0  51. 0 95. 0 
21 -31 3. 8 6. 0 7. 0 1 3 . 0  15. 0 20. 0 29 . 0  41. 0 80. 0 
* Equivalent to the minimum flow recorded 
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table it can be seen that during the first ten days in January the 
mean daily flow at Dell Rapids was 4. 4 cfs or larger for 90 percent 
of the time from 1949 through 1965 . This table also shows the mean 
daily river flows that were equalled or exceeded for other per­
centages of time during the first ten days in January as well as for 
other time periods throughout the year. The minimum and maximum mean 
daily river flows at Dell Rapids which occurred during each one-third­
month period throughout the year are also tabulated. 
Figure 3 graphically illustrates specific percentages of time 
in which the river flow at Dell Rapids was equalled or exceeded 
throughout the year. Thus, this figure was prepared directly from 
the information presented in Table 3. 
From Figure 3 the percent of time that specific flows were 
equalled or exceeded throughout the year may be obtained. In order 
to determine the percentage of time at any given time of the year that 
a flow of 20 cfs would be expected to be equalled or exceeded, the 
following procedure could _ be used. The 20 cfs flow value, as shown 
on the ordinate, could be followed horizontally across the graph, and 
for any given time of the year the percent of time that a flow of 20 
cfs would be equalled or exceeded may be approximated by interpolating 
between the equal percentage curves which are s�own . Thus, during 
the first few days of January the river flow at Dell Rapids would be 
expected to be 20 cfs or larger between 25 and 50 percent of . the time. 
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River at Dell Rapids, South Dakota. 
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Specifically, the flow would b e  expected to be 20 cfs or larger for 
about 45 i:e r cent of the time. During the last of January and the 
first of February the flow would be 20 cfs or larger for less than 
25 percent of the time. During April and May the flow would be ex­
pected to be 20 cfs or larger for 100 percent of the time . Similar­
ily, the percent of time that a flow of 20 cfs was equalled or ex­
ceeded for any other time of the year may be determined . Also, the 
percent of time that other specific flows were equalled or exceeded 
for any given time of the year may be obtained. 
From Figure 3 the variation in the river flow that was equalled 
or exceeded for a specific percentage of time throughout th� year 
may be obtained. For the 90 percent curve, which represents the flows 
that were equalled or exceeded for 90 percent of the time, the highest 
flow occurred during the first of April . The high flow in April 
would primarily be the result of direct surface runoff from spring 
snowmelt and rain. Then from April through October the river flows 
that were equalled or exceeded for 90 percent of the time generally 
decreased . This general decrease in river flow would be attributed 
to the general lowering of the groundwater table which in turn would 
decrease the groundwater contr�bution to the river flow . 
During November, however, the river flows that were equalled or 
exceeded for 90 percent of the time slightly increased . Several 
possible exp lanations for this phenomenon are � 
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1 .  Nearly all vegetation would be dormant at this time and the 
groundwater loss through transpiration would decrease; con­
sequently, more groundwater would be available for river flow . 
2 .  For low-flow years there may have been a slight increase in 
the amount of rainfall during this time; hence, the river flow 
would increase . 
3 .  Possibly the rainfall which did occur at this time yielded 
a proportionately greater volume of runoff because nearly all 
of the vegetation was dormant . 
Most likely, a combination of all the above factors plus others not 
mentioned caused the slight increase in the river flows . 
After this slight increase in the river flows in November, the 
flows again decreased until the following spring . The decrease in 
the river flow after November would be attributed to the general 
lowering of the groundwater table which in turn would decrease the 
groundwater contribution to the river flow . In addition, during the 
winter months part of the river and river banks would be frozen, 
thus, restricting and consequently decreasing the flow in the river . 
. 2 8  
ADEQUACY OF LENGTH OF FLOW RECORDS FOR THE BIG SIOUX R IVER 
The prediction of the probability of occurrence of future river 
flows using flow-duration analysis is based upon the records of past 
river flows. In general a l'arge number of flow records would be 
desirable in order to make a more Feli�ble prediction of the prob­
ability of occurrence of future river flows. But, at some flow-
gaging stations, only short per�ods of flow records would be 
available. However, if the flow-duration curves prepared from these 
short periods of record are similar to those prepared from long 
periods of record, then the former flow-duration curves may be used 
to give an adequate estimation of the probability of occurrence of 
future river flows. 
The effects of short periods of flow records on the flow-duration 
curve for the Big Sioux River are illustrated in Figures 4 and 5. 
Figure 4 includes flow-duration curves prepared from three different 
periods of record for the first ten days in January. These curves 
were prepared from 6 (1959-1965) , 17 (1949-1965), and 37 (1929-
1965) years of flow records recorded at the Akron flow-gaging station. 
In other words, a curve was prepared using 37 years of January 1-10 
recorded flows at Akron, a curve was prepared using 17 years of 
January 1-10 recorded flows at Akron_, · and a curve was prepared using 
6 years of January 1-10 recorded flows at Akron. The 6, 17, and 37 
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years represent the number of years of recorded river f lo\\S at the 
Brandon, Dell Rapids, and Akron flow-gaging stations respectively .  
From Figure 4 it can be seen that the three January 1-10 flow­
duration curves which were prepared for the three different periods 
of record are quite similar . The flow-duration curve prepared from 
6 years of records indicated flows slightly greater than the flow­
duration curves prepared from 17 and 37 years of record except for 
the extremely high flows. However, this six-year flow-duration 
curve would probably give an adequate estimation of the probability 
of occurrence of future river flows . 
The flow-duration curve prepared from 17 years of record was very 
similar to the flow-duration curve prepared from 37 years of record . 
Thus , an additional 20 years of records did not appreciably affect 
the position of these two flow-duration curves . Hence, flow-duration 
curves from the shorter periods of record, such as 6 years and 17 years, 
for the Big Sioux River during January 1-10 may be used to give an 
adequate estimation of the probability of occurrence of future river 
flows during the January 1-10 time period . 
As has been discussed previously, the Big Sioux River flow during 
the first ten days in January is quite uniform . During the first ten 
days in June, however, the flow is very irregular due to the varied 
contribution from direct surface runoff to the river flow . Figure s· 
shows flow-duration curves for the Akron station for the f�rst ten 
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days in June for three different periods of record. The periods of 
record used were 6 ,  17 , and 37 years. · 
From Figure 5 it can be seen that the three flow-duration curves 
for June 1-10 prepared from the three different periods of record are 
also quite similar. The flow-duration curve prepared from 6 years 
of flow records was fairly similar to the flow-duration curves pre­
pared for 17 and 37 years of flow records except for the extremely 
high and low flows. This six-year flow-duration curve , however , may 
be used to adequately estimate the probability of occurrence of future 
river flows except for those extremely high and low flows. 
From Figure 5 it can also be seen that the flow-duration curve 
prepared for 17 years of record was quite similar· to the flow-duration 
curve prepared for 37 years of record . Thus , again the additional 20 
years of flow records did not appreciably affect the position of the 
flow-duration curve , except at the extreme ends. Similar flow­
duration curves were prepared for the three one-third-month periods 
in September. Again it was indicated that the flow-duration curves 
prepared for the short periods of record could be used to adequately 
estimate the probability of occurrence of future river flows except 
for those - extremely high and low flows . 
Thus , it would appear that the flow-duration curves which were 
prepared for the Watertown , Brookings , Dell Rapids , Brandon , Sioux 
Falls , Akron and Skunk Creek flow-gaging stations give an adequate 
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estimation of the probability of occurrence of future river flows 
that would be expected to occur at these stations, except for those 
extremely high and extremely low flows. Unfortunately, most of the 
flow records for the gaging stations along the Big Sioux River are 
too short to adequately predict these extremely high and extremely 
low flows . · 
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BIG SIOUX RIVER FWW AND IRRIGATION DEVELOPMENT 
The water in South Dakota belongs to all the people of the state, 
and the South Dakota Water Resources Commission has general supervision 
of this water including its measurement, appropriation, and dis­
tribution. The Commission has pow&rs to regulate and control the 
development, conservation, and allotment of this water according to 
the principles of beneficial use and prior appropriation ( 1 7-3, 5) . 
The state water law was passed in 1955 . Uses of the water for 
beneficial purposes that occurred in the state three years prior to 
this date were protected by " vested rights" . These rights enabled 
the owner to continue to use the water for the beneficial use he had 
developed ( 17-4) . 
Any person or persons may make reasonable use of the water for 
domestic purposes without notifying the Commission. However, any 
person, association, or corporation, either public or private, 
wishing to use the water for any other beneficial use purpose must 
apply for a water permit before commencing any construction for such 
purposes . The State water law defines the procedures to be followed 
in obtaining a water permit in South Dakota ( 17-5) . 
The Commission may reject or approve the application for a per­
mit . If the Commission approves the �pplication and grants the per­
mit to appropriate water, construction of facilities such as the 
3 5  
irrigation works may begin . After the construction work is completed, 
the Commission inspects the works to determine its capacity , efficien­
cy, and safety. The Commission will then issue a license to appro­
priate water (17-7). Thus, the irrigation rights under license may 
be regarded as an indication of the acreage of land developed for 
irrigation . The irrigation rights under permit include those under 
license , and, in addition, may be regarded as the rights (acreage of 
land) which may be developed for irrigation . 
The major portion of the irrigation water applied to a field 
will be evaporated or transpired . This portion is termed "con-
sumptive use" irrigation water. The remaining portion, called return 
flow, will seep back into the ground or drain off the surface of the 
field and this portion may be reused . The Bureau of Reclamation es­
timated that in the Big Sioux Basin, 60 percent of the irrigation 
water applied was consumptively used . Thus, 40 percent was returned 
to the basin as return flow (6-51) . 
The so�rce of the water for irrigation may either be from the 
groundwater or from surface supplies. In the following analysis only 
those surface source permits taking water from the Big Sioux River 
or its tributaries were consid�red . Also , only those groundwater 
permits taking water from the . Big Sioux aquifer were considered. The 
irrigation water taken from the river or aquifer that is consumptively 
used would no longer be available for river flow .  That water taken 
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from the river decreases the flow in the river the instant it is 
taken. The water taken from the aquifer lowers the groundwater table 
in the aquifer, and consequently decreases the groundwater contri-
bution to the river flow until the groundwater is recharged in the 
spring . 
The prime irrigation months are May, June, July, August and 
September. In 1968 an average depth of 12 . 5  inches of water was 
applied to each acre of land irrigated . By month, a depth of 0. 6, 
1. 6, 5. 1, 4. 4, and 0. 6 inches of irrigation water was applied to each 
acre of land irrigated during the months of May, June, July, August, 
and September respectively. For all other months in 1968, a total 
depth of 0 . 2  inches of irrigation water was applied to each acre 
of land irrigated (18) . 
During the late summer months the flow in the Big Sioux River 
has been shown to be quite low for a comparatively large percentage 
of the time. As a result, the Water Resources Commission granted, 
in 1965, a surface water irrigation permit above the Dell Rapids 
gaging station with the following stipulation � 
" Natural flows in the Big Sioux River are not a de­
pendable source of water during the latter part of the 
summer. Prior appropriative rights and downstream domestic 
use must be respected. This permit is granted allowing 
withdrawls whenever 20 c. f. s. or more is flowing past your 
diversion point" (19). 
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Approximately three years later another surface water irrigation 
permit above the Dell Rapids station was issued with a stipulation 
that 35 cfs must be flowing past the diversion point before the party 
would be allowed to withdraw . water for irrigational purposes (20) . 
Hence, for this latter permit the �low in the river would have to be 
an additional 15 cfs to meet downstream water rights. 
Figure 6 shows the percentages of time, on the average, that the 
river flow past the Dell Rapids station would be 20 cfs or 35 cfs or 
less during the prime irrigation months. In effect, it shows the 
percentages of time that the parties with the restricted permits will 
not be allowed to irrigate, if the restrictive stipulations are en-
forced . 
From Figure 6 it can be seen that during the months of May and 
June, the river flow, on an average, would be expected to be less 
than 20 cfs almost zero percent of the time, and less than 35 cfs 
from 2 to 10 percent of the time. By the end of July, however, the 
river flow would be expected to be less than 20 cfs for 13 percent 
of the time, and less than 35 cfs for 27 percent of the time . Thus, 
during the last eleven days in July the party with the 20 cfs 
restricted irrigation permit would not be allowe.d to irrigate, on an 
average, about once in every eight yea�s and the party with the 35 
cfs restricted irrigation permit would not be allowed to irrigate 
on an average, about once in every four years . During August and -
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September the period of time these parties would not be allowed to 
irrigate increases to about once in every five years for the 20 cfs 
restriction and once in every three years for the 35 cfs restriction . 
During the prime irrigation months, the amount of river flow and 
the amount of water used for irrigation depend somewhat on the 
quantity of rain received during these months . For example, during 
a summer in which there is little rainfall, the river flow would be 
quite low. During this same summer the demand for irrigation water 
would probably be very high . Thus, it would appear that when the 
demand for irrigation water would be high, then the river flow would 
be low; and those parties with the restricted irrigation permits 
would probably not be allowed to irrigate, if the restrictive stipu-
lations are enforced . 
Presently only about 2, 000 acres of land above the Dell Rapids 
gaging station are developed and licensed for irrigation . However, 
irrigation permits through 1968 have been granted totaling about 
1 
11, 000 acres of land . 
This additional 9, 000 acres of land, if developed for irrigation, 
would consumptively use about 5, 600 acre feet of water . This 5, 600 
acre feet of water would be lost through evaporation and transpiration 
11rrigation permit information was supplied by the South Dakota 
Water Resources Commission �nd was tabulated by the Economics De­
partment at South Dakota State University . 
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and would not be available to sustain the flow in the Big Sioux 
River at Dell Rapids. If irrigation above Dell Rapids develops to 
this large extent, without provisions for flow regulation, the river 
flow at Dell Rapids may decr�ase substantially during the prime 
irrigation months and during later months. This decrease in the river 
flow would increase the percent of time that the flow at Dell Rapids 
would be 20 cfs and 35 cfs or less. Hence, those parties with the 
restricted irrigation permits would not be allowed to irrigate an 
even greater percentage of time . 
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BIG SIOUX RIVER Fl.DW 
AND THE INTERMITTENT STREAM USE CATEGORY 
The South Dakota Water Quality Standards specify various 
beneficial uses for all streams within South Dakota. The specific 
beneficial use categories for the Big -Sioux River from Sioux Falls 
downstream to the Klondike Dam are fish life propagation, recreation, 
wildlife propagation, and irrigation (2-36 ). F.ach o f  these bene-
ficial use categories contains specific water quality requirements 
that the river must maintain (2-26 ). If these water quality re-
quirements are not met, possible enforcement actions would be 
necessary in order that these standards are met. 
In addition to the above mentioned beneficial use categories 
established for the Big Sioux River below Sioux Falls, the inter-
mittent stream use category may also become applicable to this reach 
of the river . The intermittent stream use category would apply to 
this reach of the river when the flow in the river is less than the 
daily average waste flow entering the river (2-25 ). When the inter­
mittent stream use category becomes applicable for this reach of the 
river, the river water quality requirements of the above mentioned 
beneficial use categories no longer apply . When the intermittent 
stream use category does apply, the principal quality requirements 
that are to be maintained are based on a waste ef fluent criterion. 
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This waste effluent criterion limits both the biochemical oxygen 
demand (BOD) and suspended solids content of the waste effluent 
to a concentration of 30 mg/1, based on a 24-hour composite sample ; 
and, in addition, the BOD or - suspended solids shall not exce ed 1. 75 
times the value specified in any on� grab sample collected during the 
sampling period. 2 
Berried (3-23) showed the percent of time, on the average, that 
the intermittent stream use category would apply to the Big Sioux 
River below Sioux Falls, South Dakota. He showed this percent of 
time for two periods of a ye ar, the summer months of July through 
September, and the winter months of December through February. 
Figure 7 shows the percent of time during one-third-month inter-
vals throughout the year that the Big Sioux River below Sioux Falls 
would enter the intermittent stream use category . .  This figure was 
compiled from the flow-duration tables which were prepared for both 
the Sioux Falls and Brandon flow-gaging stations . The Sioux Falls 
station was located upstream from the points of waste discharge. Thus 
the intermittent stream use category would apply when the waste flo-v 
exceeded the river flow past the Sioux Falls station. The Brandon 
station is located downstream from the points of . was t e  discharge . 
2Letter from Charles E .  Carl, Secretary and - Executive Officer of 
the South Dakota Committee _on Water Pollution, to Dr . James N. Dornbush, 
May 13, 1969 . 
90 
80 
70 
60 
Q) 
•r-i . 
CH 50 
0 
40 C) 
Q) 
20 
10 
..------- Us ing Brandon Records (1959-1965) 
Jan Feb Mar Apr May Jun Jul Aug 
Using Sioux Falls 
Records (1943-1960) 
Sept Oct Nov Dec 
Figure 7 .  Percent of Time Big Sioux River Downstream from Sioux Falls Was in the Intermittent 
Stream Use Category Using Present Wastewater Flows and River Flow Records from both 
the Sioux Falls (1943-1960) and Brandon (1959-1965) Flow-Gaging Stations.  
� w 
44 
Thus, the river flow at Brandon should be les s than twice the was te 
flow before the intermittent s tream use category would apply . 
It should be noted that the s tate water quality s tandards s pecify 
that a stream placed in the intermittent s tream use category s hall 
remain in the category until the flow in the s tream exceeds the 
average was te flow for a period of seven consecutive days (2-15). 
Thus, for a certain percentage of time the river flow may be greater 
than the waste flow, yet the intermittent s tream use category would 
apply to the river. However, because the certain percentage of time 
depended primarily upon the fluctuation of the river flow from day 
to day and would be difficult to determine and becaus e it was felt 
that this percentage of time would be quite s mall, it was not con-
sidered in the predictions of the percent of time that the inter-
mittent s tream use category would apply to the Big Sioux River down 
s tream from Sioux Falls . 
The wastewater flows cons idered were the present average daily 
flows from the Sioux Falls was te treatment plant (21), plus a con-
s tant discharge of 2. 5 million gallons per day (MGD) of  condenser 
water from John Morrell and Company. 3 For the years 1964 through 
1968, the· total annual average was te discharge was 11. 76 MGD or 18. 19 
cfs. 
3
Letter from John Morrell and Company to John M .  Herried, June 
22, 1967. 
45 
Ideally, the percentages of time that the Big Sioux River below 
Sioux Falls would be intermittent obtained from flow records at the 
two stations should be quite similar . However, as is shown in 
Figure 7, the percentages of _ time using the Brandon records are in 
most cases greater than the percentages of time using the Sioux Falls 
records . Since the waste flows used to obtain these percentages were 
the same in both cases, it appears that the river flow from 1959 
through 1965 was somewhat lower than the river flow from 1943 through 
1960 . 
As was shown earlier, however (See Figures 4 and 5), the river 
flows at Akron for the 1959 through 1965 time period were shown to 
be greater than the river flows at Akron for both. the 1929 through 
1965 and the 1949 through 1965 time periods. However, it should be 
noted that the Big Sioux River flows at Akron not only included the 
flows from the Big Sioux River above Akron, but also included the 
flows from the Rock River which is the major tributary stream to the 
Big Sioux River. One possible explanation for the larger flows 
which occurred at Akron during 195� through 1965 would be that the 
flows in tributaries downstream from Brandon caused the Big Sioux 
River flows at Akron to be larger during the 195 � through 1965 time 
period than for the 1929 through 1965 �nd 1949 through 1965 time 
periods . 
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Since the Sioux Falls station flow records used were for 205 
months while the Brandon records used were for only 75 months, the 
predictions using the Sioux Falls records would be expected to give 
a better estimation of the future percentages of t ime that the inter­
mittent stream use category would apply for the Big Sioux River below 
Sioux Falls. However, the Sioux Falls station was discontinued after 
the diversion channel was constructed above Sioux Falls. This 
diversion channel was constructed through the well f ield from which 
Sioux Falls obtained its domestic water supply . Thus, it was possi ble 
that the channel intercepted the cone of influence of some of these 
wells. In this case part of the flow of the Big Sioux River passing 
through the diversion channel would infiltrate into the ground re-
placing water previously utilized from groundwater storage and 
eventually be used as domestic water for the city of Sioux Falls . 
Hence, less flow would have been available to dilute the waste ef­
fluent which entered the river farther downstream. 
In the following analysis the predictions of future percentages 
of time that the intermittent stream use category would apply for the 
Big Sioux River below Sioux Falls were made using the Sioux Falls 
station flow records because these records contain much more flow 
data than the Brandon records. However, it should be noted that the 
Sioux Falls records were not influenced by the po"ssible . decrease in 
river flow attributed to the construction of the diversion channel. 
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Thus , in the future , similar flows might be lower than those which 
were previously recorded ; and , in turn, the lower flows would in-
crease the percentage of time that the Big Sioux River below Sioux 
Falls would be in the intermittent stream use category. 
Because of increased wastewater flow , the percent of time that 
the intermittent stream use category will be applicable to the Big 
Sioux River below Sioux Falls would be expected to increase. The 
estimated annual average wastewater flow for the year 2010 is 25. 73 
MGD (22). Thus , the total waste discharges , including the 2. 5 MGD 
constant condenser water flow , would be 28. 23 MGD or 43. 68 cfs. 
Figure 8 shows the percent of time during one-third-month inter-
vals throughout the year that the Big Sioux River below Sioux Falls 
would be in the intermittent stream use category due to the increased 
wastewater flows for the year 2010. As can be seen from this figure , 
merely increasing the wastewater flows would increase the amount of 
time that the river would be in the intermittent stream use category. 
Herried also predicted the increased percent of time that this 
category would be applicable below Sioux Falls, due to the increase 
in wastewater flow (3-23). However , these predictions may have been 
too conservative. They were made with the assumption that the dis­
tribution of river flow which would occur in 2010 would be the same 
as the distribution of river flow which did occur in 1943 through 
1960. However , increased water resources development in the Big 
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Sioux Basin may lead to a substantial decrease in the river flows in 
the year 2010 . A decrease in the river flow at Sioux Falls could 
probably be attributed to two main factors, increased water supply 
needs for the city and increased irrigational development above the 
city. This potential decrease in river flow plus the increase in 
wastewater flow would increase, even more, the amount of time that 
the river would be in the intermittent stream use category. 
FUTURE WATER RESOURCES DEVELOPMENT AND BIG SIOUX RIVER FLOWS 
AT SIOUX FALLS 
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Presently, Sioux Falls obtains its water supply from a shallow 
ground-water aquifer located in the Big Sioux River valley north of 
the city . This aquifer is about 18 mi_les long and from l ½  to 2 miles 
in width . Prior to January, 1968, the city had developed 27 large 
diameter wells that provided a combined capacity of 23 MGD. Present­
ly, the average annual demand for domestic water supply for the city 
is about 12. 1 MGD (6-59). 
Between 1968 and 2020 the estimated average yearly rate of in­
crease in the water supply demand for Sioux Falls is 0. 59 MGD (6-59) .  
Thus, in the year 2010 the water supply demand for Sioux Falls would 
be 36. 9 MGD . This represents a 24. 8 MGD or 38 . 3  cfs increase in the 
water supply demand for the city of Sioux Falls during the 42 year 
period from 1968 through 2010 . 
This increase in the water supply demand for Sioux Falls may de­
crease the flow in the river substantially . As was stated earlier 
some of the wells from which Sioux Falls obtains its water supply are 
located close to the Big Sioux River and the cone of influence for 
these wells would more than likely reach the river . Thus, these 
wells would be fed almost directly from the river, decreasing the flow 
in the river . It is not certain just how much of a decrease 
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in the river flow could be attributed to this increase in water supply 
demand, although a decreased river flow of 30 cfs may be a reasonably 
close estimate. Thus, the increased water supply demand for the 
city of Sioux Falls for the _ year 2010 may decrease the flow in the 
river at that time by about 30 cfs. This decrease in river flow may 
substantially increase the percent of time that the river would be in 
the intermittent stream use category below Sioux Falls . 
Increased irrigation above Sioux Falls may also decrease the 
flow in the river at Sioux Falls . Table 4 shows the total number 
and acres of irrigation water permits issued and the acres of those 
rights developed and licensed for the Big Sioux River Basin above the 
Sioux Falls gaging station. It shows the rights · which were approved 
annual ly , and the cumulative totals by calendar year through 1968. 
From this table it can be seen that the trend of irrigation permits 
granted was quite erratic . For example, through 1960 a total of 67 
permits were granted totaling about 7, 600 acres. However, during 
the next five years only 13 permits were granted which gave a 
cumulative total of 80 permits and about 9, 700 acres . Then during 
the next three years, 22 permits were granted which gave a total of 
102 permits and about 13, 600 acres. Thus, to estimate the future in-
crease in irrigation development, it was necessary to assume a gener­
al trend in the irrigation development which occurred through 1968, 
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Table 4.  Number and Acres of Irr igation Water Rights 
Approved Annually, and the Cumulative Totals 
by Calendar Year through 1968 . 
Big Sioux River Basin above the Sioux Fal ls Flow-Gaging Station 
Acres of Acres of 
Permits Water Licenses Issued Water Permits Issued 
Year 
Issued Surface Ground Total Surface Ground Total 
Prior 
to 
1956 11 267. 09 2 67. 09 622. 70 622. 70 
1956 14 113. 00 643. 07 756. 07 4 87. 30 678 . 67 1165 . 97 
Cum. 25 380. 09 643. 07 1023 . 16 1110. 00 678. 67 1788. 67 
1957 11 280. 00 420. 00 700. 00 410 . 00 1223 _ ·74 1633 . 74 
Cum. 36 690. 09 1063. 07 1723. 16 1520. 00 1902 . 41 3422 . 41 
1958 4 92. 01 40. 00 132. 01 92. 01 280.00 372 . 01 
Cum. 40 752. 10 1103. 07 1855. 17 16 12. 01 2182 . 41 3794 . 42 
1959 13 530. 00 530. 00 384. 50 1508. 20 1892. 70 
Cum. 53 1633. 07 2385. 17 1996. 51 3690. 6 1  5687 . 12 
1960 14 181. 00 181. 00 250. 00 1707. 10 1957. 10 
Cum .  67 1814. 07 2566. 17 224 6. 51 5397. 71 7644 . 22 
196 1  2 153. 00 153. 00 250. 30 250 . 30 
Cum. 69 1967. 07 2719. 17 5648 . 01 7 894. 52 
1962 2 202. 20 202. 20 
Cum. 7 1  5850. 21 8096. 72 
196 3  1 125 . 00 125. 00 
Cum. 72 5975 . 21 8221. 72 
196 4  3 837 . 00 837. 00 
Cum. 75 6 8 12 . 21 9058 . 72 
1965 5 60. 00 60. 00 154. 5 457 . 50 6 12. 00 
Cum. 80 2027. 07 2779. 17 2401 . 01 7269 . 71 9670 . 72 
196 6  5 392. 00 392 . 00 1064 . 00 106 4 . 00 
Cum. 85. 2419 . 07 3171 . 17 8333 . 71 10734 . 72 
1967 10 236 . 20 1187 . 00 1423 . 20 
Cum . 95 2637. 21 9520 . 71 12157 . 92 
196 8  7 
Cum. 102 752. 10 2419 ·. 07 3171. 17 2899 . 21 10690. 7 1  1 3589. 92 
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and to further assume that this general trend would continue in the 
future. 
Figure 9 shows the estimated increase in acres of water licenses 
that would be issued, hence, the estimated increase in the number of 
acres that would be developed for irrigation based on the above assunp-
tions. It also shows the acreage of water permits granted through 
1968. From Figure 9 it can be seen that in the year 2010, an es-
timated 2, 600 acres of land would be developed for irrigation using 
surface water as the source of irrigation water. In addition, an es-
timated 10, 200 acres of land would be developed for irrigation using 
ground water as the source of irrigation water. Thus, an estimated 
12, 800 acres of land would be developed for irrigation by the year 
2010 . 
Prior to 1956 the total acreage of irrigation water permits grant-
ed was about 600 acres. The total acreage granted through 1968 was 
13, 600 acres . Thus, during this 13-year time period, an average of 
1, 000 acres of irrigation water permits were granted each year. If 
this rate continues in the future, in 2010 the total acreage of irri-
gation water permits granted in the Big Sioux Basin above Sioux Falls 
would be about 55, 600 acres. It is recognized that this_ rate -0f in-
crease of 1, 000 permit acres per year could not go on forever because 
of the limited amount of land available for irrigation. However, the 
Bureau of Reclamation classifies 89, 500 acres of land in the Big Sioux 
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Ba.sin above Sioux Falls as land s us c eptible to irrigation (6-22) . 
Thus, it would be pos sible to grant irrigation permits totaling 55, 600 
acres of land by the year 2010. 
Thes e  estimations of the_ total acreage of land for which irrigation 
permits would be granted and the acres of land that would be developed 
for irrigation by the year 2010 were bas ed upon the pa st trends in 
granting permits and in developing irrigation. From Figure 9 it can 
be s e en that in the past, the number of acre s  of land for which irri-
gation water permits were granted, greatly exceeded the number of acre s  
of land actually developed for irrigation . Thus, it would appear that 
in the future, either fewer irrigation permits would be granted or 
more land would be developed for irrigation or possibly both of the s e  
alternative s  may hold true. Henc e, it may be pos sible that by the 
year 2010 even more than the e stimated 12, 800 acre s  of land could 
be developed for irrigation. 
The s pe cific relationship between the flow of the Big Sioux River 
and the effe ct of increas ed irrigational development , especially from 
a groundwater s ource, on this flow cannot be readily determined. Some 
groundwater s ource s  for irrigation water may be located clo se to the 
river and· consumptive us e  water, that is water �os t to the basin, 
taken from the s e  s ources may de creas e  _ the river flow within a short 
period of time. Other groundwater sources may be located two or thre e  
mile s  from the river and consumptive us e water taken from these  s .our c e s  
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may not decrease the flow in the river until a much later date. How­
ever, it is felt that all consumptive use irrigation water will, at 
some time or another, decrease the flow in the river from what this 
flow could have been , becaus� the consumptive use irrigation water 
used would no longer be available to sustain this river flow. This 
consumptive use irrigation water would primarily decrease the flow 
in the river from the beginning of the irrigation season until the 
following spring . In the spring the groundwater would usually be re­
charged from the snowmelt and rain and the cycle would be repeated . 
For the following analysis, it was assumed that all consumptive 
use irrigation water taken from a surface source (the Big Sioux River 
or tributaries) during a specific month would decrease the flow in 
the Big Sioux River during that particular month. Further, it was 
assumed that all consumptive use irrigation water taken from a ground­
water source (the Big Sioux aquifer) during a specific month would 
decrease the flow in the river not only during that month but also 
during later months until the month of March . It was assumed that 
this decrease in river flow due to groundwater irrigation would be 
at a rate equivalent to the total volume of consumptive use water 
used during a one month period divided by the to�al amount of time 
during which the river flow would be d�creased. Thus, the consumptive 
use irrigation water used �rom a ground water source during the month 
of July would be considered to decrease the river flow equally dur ing 
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the months of July, August, September, October, November, December, 
January, and February at a rate equal to the total volume of con­
sumptive use water taken from the ground during July, divided by this 
entire eight-month period . 
For the year 2010 an estimated 26QO acres of land above Sioux 
Falls were assumed to have been developed for irrigation using water 
from surface sources. An estimated 10, 200 acres of land were assumed 
to have been developed for irrigation using groundwater as the source 
of irrigation water . In determining the amount of consumptive use 
water that would be used for irrigation, it was assumed that an 
average depth of 0 . 6, 1 . 6, 5 . 1, 4 . 4, and 0 . 6  inches of water would 
be applied to each acre of land irrigated during the months of May, 
June, July, August, and September respectively . This is equivalent 
to the depth of water applied to each acre of land irrigated in 1968 
(18) . Of this total amount of water applied to the land, it was 
assumed that 60 percent would be consumptively used. An explanation 
of the calculations involved in determining the decrease in river flow 
due to increased irrigation for the months of May and June is shown 
in Appendix B .  Calculations similar to those shown in the appendix 
were made for the months of July, August, and September . A summary 
of these calculation totals is shown in Table 5 .  Also shown in this 
table is the estimated decrease in river flow at Sio ux Falls attributed 
to the expected incre ase in water supply needs for the city of Sioux 
Falls, and the total estimated decrease in river flow at Sioux Falls 
due to both irrigation and water supply increases. 
Table 5 
Estimated Decrease in the Big Sioux River Flow at Sioux 
Falls, South Dakota, Attributed to Increased Irrigation 
Development above Sioux Falls and Increased Water Supply 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Needs for Sioux Falls for the Year 2010. 
Irrigational 
Decrease in Flow 
cfs 
13. 6 
13. 6 
1 . 8  
5. 5 
18. 2 
22. 0 
14. 9 
13. 6 
13. 6 
13. 6 
Water Supply 
Decrease in Flow 
cfs 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
30. 0 
Total 
Decrease 
cfs 
43. 6  
43. 6 
30. 0 
30. 0 
31. 8 
35. 5 
48. 2 
52 . 0  
44. 9 
43. 6  
43. 6 
43. 6  
in Flow 
Figure 10 depicts the_ Big Sioux River flows at Sioux Fall
s that 
were equalled or ex_ceeded for specific percentages of 
time. For 
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example, the 100 percent curve represents the minimum river flows that 
were recorded and the 90 percent curve represents the river flows that 
were equalled or exceeded for 90 percent of the time during one-third 
month intervals throughout the year . This figure graphically illus­
trates the information shown in th� Sioux Falls flow-duration table 
in Appendix A .  Thus, this figure was prepared using Big Sioux River 
flow records for the Sioux Falls gaging station for the period from 
1943 through 1960. It represents the distribution of river flows 
that occurred during those 17 years and it shows the probability of 
occurrence of future Big Sioux River flows assuming that future 
water resources developments in the Big Sioux Basin do not alter this 
river flow. However, irrigation above Sioux Falis and increased water 
supply demands for Sioux Falls would be expected to decrease this 
river flow, especially in the summer, fall, and winter months, 
assuming the excess flow in the spring is not stored and later re-
leased. 
It should be noted that in determining the probable decrease in 
future Big Sioux River flows at Sioux Falls, it was assumed that only 
the increase in water supply needs for Sioux Falls was considered to 
decrease the future river flow at Sioux Falls. In other words it 
was assumed that the past water supply demands for Sioux Falls had 
already decreased the recorded river flows at Sioux Falls. 
61 
Because irrigation largely developed only during the last 4 
years (1956-1960) of flow records at Sioux Falls (See Table 4), 
leaving about 13 years (1943-1956) of unaffected flow records, it was 
assumed that the decrease in river flow attributed to irrigation 
during these last 4 years of recor�s did not appreciably affect the 
distribution of the river flows for the entire 17 years of records 
at the Sioux Falls station . Thus, in determining the probable decrease 
in future river flows at Sioux Falls, it was assumed that all irri-
gation above Sioux Falls, not just the increased irrigation above 
Sioux Falls, would decrease the river flow at Sioux Falls. 
In Figure 10 the river flows shown in the non-cross-hatched area, 
at any particular time, would be decreased by an amount equal to the 
flow represented by the line separating these two areas at that par­
ticular time. For example, during the first ten days in April the 
lowest river flow recorded at Sioux Falls from 1943 through 1960 was 
47 cfs . By contrast, during this time period in 2010 a minimum flow 
of only 17 cfs would be expected, because 30 cfs of this river flow 
would be used for water supply needs for the city of Sioux Falls and 
it would not be available for river flow downstream from the wells. 
Similarily all potential river flows in April wo�ld be decreased by 
30 cfs, and all potential river flows ror any other month would be 
decreased by an amount equivalent to the expected decrease in river 
flow for that month. 
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The line separating the cross-hatched and noncross-hatched areas 
shown in Figure 10 represents the expected decrease in river flow 
attributed to irrigational developments above Sioux Falls and in­
creased water supply needs for Sioux Falls in the year 20 10 (See Table 
5 ). The percentages af time interGept�d by this line represent the 
percent of time , on the average , that the Big Sioux River at Sioux 
Falls would be expected to have flow in 2010. Thus , the component 
of these percentages of time represent the percent of time on the 
average that the Big Sioux River at Sioux Falls would be expected to 
have zero flow in 2010. For example, during the last few days in 
August , 20 10, the Big Sioux River at Sioux Falls would be flowing only 
about 70 percent of the time. Thus , it would have zero flow for 30 
percent of the time or about once in every three years . During most 
of April, however , the Big Sioux River at Sioux Falls would be ex­
pected to be flowing 100 percent of the time , even in the year 2010. 
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FUTURE WATER RESOURCES DEVEWPMENT AND THE WATER QUAL ITY STANDARDS 
The potential decrease in river flow at Sioux Falls would great­
ly increase the amount of  time that the Big Sioux River below Sioux 
Falls would be in the intermittent stream use category . Figure 11 
shows the percent of time that the Big ·sioux River below Sioux Falls 
would be in the intermittent stream use category attributed to both 
the expected increase in wastewater flow for the city of Sioux Falls, 
and the expected decrease in river flow at Sioux Falls for the year 
2010 . As can be seen from Figure 11, in the year 2010 the Big Sioux 
River below Sioux Falls would be in the intermittent stream use 
category from 70 to more than 90 percent of the time in December and 
from 90 to 100 percent of the time during January . 
Even during the late summer and fall months the Big Sioux River 
below Sioux Falls would be classed as intermittent from 30 to more 
than 60 percent of the time . Hence, unless additional dilution water 
is provided to sustain the flow in the Big Sioux River, this river 
below Sioux Falls will be placed in the intermittent stream use cate-
gory an ever increasing percentage of time, especially in the winter. 
As was stated earlier, when th� intermittent stream use category 
becomes applicable to the river, the quality requirements that are to 
be maintained during this time are based on a waste ef fluent criterion. 
Thus , during the time peri�d when the intermittent stream �se category 
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would become applicable to the Big Sioux River below Sioux Falls, there 
would be no control on the quality of the river water itself. During 
this time it may be possible that the water quality standards may 
be upheld, yet the river water quality, in particular the dissolved 
oxygen (00) content, may be reduceg to such an extent that the river 
would not be able to sustain fish life . In the future during nearly 
every winter of each year when the intermittent stream use category 
would become applicable to the Big S ioux -River below S ioux Falls, fish 
kills may occur without violation of the water quality standards. 
The Water Quality Standards for the S urface Waters of South 
Dakota, as adopted by the State Committee on Water Pollution designates 
warm water marginal fish life propagation as a beneficial use for the 
Big Sioux River below Sioux Falls. The addendum to the standards 
suggests altering this part of the standards to include warm water 
semi-permanent fish life propagation as the beneficial use for this 
reach of the river (2) .  Because of the fish kills that may occur 
every winter without violation of the water quality standards, it is 
felt that only with frequent stocking and intensive management of the 
more tolerant species of fish will this reach of the river be able 
to support fish life propagation. Hence, it se�ms congruous that 
warm water marginal fish life propagation, as adopted by the State 
Committee on Water Polluti_on, be the beneficial use category designated 
for the Big Sioux River below Sioux Falls . However, if additional 
dilution water from above Sioux Falls is provided to keep the Big 
Sioux River below Sioux Falls out of the intermittent stream use 
category, then it would seem congruous that a higher fish life 
propagation category, such as warm water semi-permanent, be the 
beneficial use category designated -for_ this reach of the ri ver. 
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SUMMARY AND CONCLUSIONS 
The main objectives of this study were to determine the flow 
variation of the Big Sioux River throughout the year , and to estimate 
the probable effects of increased water resources development on this 
flow . 
Flow-duration tables were prepared for six different flow-gaging 
stations located on the Big Sioux River and one station located on 
the Skunk Creek tributary. These tables were prepared for periods 
of one third of a month throughout the year . The mean or average 
flows for these time periods were also determined. 
It should be emphasized that the conclusions drawn from this 
investigation are based on the assumption that past river flows are . 
representative of future flows and that the excess flow in the Big 
Sioux River in the spring is not stored and later released . The 
results from this investigation indicate the following conclusions :  
1 .  For accurate predictions of the frequency of occurrence of 
future river flows, flow records for a long period of time are de­
sirable . However ; for the Big Sioux River predictions from short 
periods of record probably give an adequate estimation of the fre­
quency of occurrence of future river flows . Short periods of record 
probably do not include the extremely high and Jow fl ows that may 
occur, but they do indicate the magnitude of the flows that may be 
expected to occur most frequently. • 
68 
2 .  The flow in the river at the Dell Rapids gaging station would 
be 20 cfs and 35 cfs or less for a significant portion of the time, 
especially during July, August, and September. Those irrigators 
with restricted surface water irrigation permits requiring these 
flows will not be able to irrigate _ during this time, providing these 
stipulations are enforced . The frequency of this occurrence is ex­
pected to increase in the future due to the anticipated increase in 
irrigational development above Dell Rapids. 
3. At present wastewater flows, the intermittent stream use 
category would be applicable to the Big Sioux River downstream from 
Sioux Falls for a significant portion of the time during many periods 
of the year . The frequency of this occurrence is expected to greatly 
increase in the future, especially during the late fall and winter 
months . This increased frequency will be the result of greater 
wastewater discharges as well as the greater water supply demands for 
the city of Sioux Falls, and increased irrigational development above 
Sioux Falls. 
4. By the year 2010, the intermittent stream use category would 
be expected to be applicable to the Big Sioux River below Sioux Falls 
every winter of each year. During this time pe�iod there would be 
no river water quality criteria , and 1ish kills may occur without 
violating the water Quality standards. Thus, unless additional dilu­
tion water is provided for protection against these fish ki lls ,  only 
• 
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with frequent stocking and intensive management of the more tolerant 
species of fish will this reach of the river be able to support fish 
life propagation. 
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RECOMMENDATIONS 
Based on the results of this investigation, the following 
recommendations are made : 
1. An investigation should be made to determine the specific 
effects of irrigation on the quantity and quality of the flow of 
the Big Sioux River, especially irrigation using groundwater as 
the source of water supply at locations both adjacent and distant 
to the river. 
2 .  Irrigators located along the Big Sioux River with re­
strictive surface source irrigation permits should be informed of 
the probable frequency of adequate river flow for irrigational pur-
poses . 
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APPENDIX A 
Flow-Duration Tables for Six Stream-gaging Stations 
Located on the Big Sioux River and One 
Station Located on the Skunk 
Creek Tributary. 
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Flow Duration of the Big Sioux River 
for Indicated Per iods of the Year 
Station � Watertown 
Per iod of Record :  10/1945 - 9/1965 
Station _No . (USGS Des ignat ion ) :  064795 . 00 
Flow ( cfs ) that was Equalled or Exceeded Dur ing Indicated Per iod of Record 
Time Percent of Time 
Per iod 100%* 90% 80% 70% 60% 50% 25% 1 0% MAX 
January 
1-10 0 . 0  0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 6  2 . 0 8 . 0  
11-20 o . o  0 . 0  o . o  o . o  0 . 0  0 . 0  0 . 1 1 . 1  9 . 0  
21-31 o . o  0. 0 0 . 0  o . o  o . o  o . o  o . o  0 . 5  7 . 0  
February 
1-10 0. 0 o . o  o . o  0 . 0  0 . 0  o . o  o . o  3 . 0  9 . 0  
1 1 -20 0 . 0  0 . 0  0 . 0  0. 0 0 . 0  0 . 0  o . o  5 . 0  25 . 0  
21-29 0 . 0  o . o  o . o  0 . 0  0 . 0  o . o  0 . 5 9 . 0  25 . 0  
March 
1-10 0 . 0  0. 0 0 . 0  0 . 0  0 . 0  0 . 0  5 . 0  12 . 0  50 . 0  
11-20 0 . 0  0 . 0  0 . 0  o . o  0 . 8  4 . 0  12 . 0  40 . 0  5 39 . 0  
21-31 0 . 0  0 . 0  1 . 2  5 . 0  12 . 0  20 . 0  90 . 0  250 . 0  736 . 0  
Apr il  
1-10 0 . 3  0. 8 20 . 0  34 . 0  57 . 0  71 . 0  161 . 0 278 . 0  1 , 750 . 0  
11-20 0 . 4  1 . 8  28 . 0  46 . 0  61 . 0  87 . 0  174 . 0  278 . 0  1 , 640 . 0  
21-30 0 . 5  1 . 8 18 . 0  30 . 0  65 . 0  89 . 0  140 . 0  262 . 0  664 . 0  
May 
1-10 · . 0 . 3 1 .  3 12 . 0  34 . 0  55 . 0  62 . 0  107 . 0  1 87 . 0  334 . 0  
1 1-20 0 . 5 1 .  7 12 . 0  27 . 0  50 . 0  56 . 0  93 . 0  148 . 0 503 . 0  
2 1 -31 0 . 1  0 . 8  10 . 0  17 . 0  30. . 0  42 . 0  87 . 0  245 . 0  1 , 250 . 0  
June 
1 -10 0 . 4  1 . 5  9 . 0  13 . 0  1 7 . 0  25 . 0  72 . 0  209 . 0  515 . 0  
1 1 -20 0 . 2  1 .  7 3 . 6  8 . 0  11 . 0  18 . 0  72 . 0  185. 0 539 . 0  ..,J 
21-30 0 . 1 0 . 3 2. 1  8 . 0  22 . 0  33 . 0  70 . 0  1 80 . 0  489 . 0  CJ'I 
* Equivalent to the minimum flow recorded 
Flow Duration of the Big S ioux River 
For Indicated Per iods of the Year 
Stat ion : Watertown 
Per iod of Record : 10/1945 - 9/1965 
Station .No . (USGS Des ignat ion ) :  064795. 00 
Flow ( cfs ) that was Equal led or Exceeded Dur ing Indicated Per iod of  Record 
Time Percent of Time 
Per iod 100%* 90% 80% 70% 60% 50%, 25% 10% MAX 
July 
1-10 0. 0 0. 2 1. 7 6. 0 17. 0 28. 0 55. 0  156. 0 5 39. 0 
11-20 0. 0 0. 0 0. 8 3. 0 8. 0 18. ·0 30. 0 107. 0 472. 0 
21-31 o . o  o . o  0. 2 0. 6 1. 3 3. 0 26. 0 77. 0 549. 0 
Augus_t 
1-10 0. 0 o . o  o . o  0. 2 0. 3 0. 7 35. 0 97. ·0 262. 0 
1 1-20 0. 0 o . o  0 , 0  o . o  0. 2 0. 6 22. 0 102. 0 212. 0 
21-31 0. 0 0 , 0  0. 1 0. 1 0. 3 1. 0 10. 0 44. 0 139. 0 
September 
1-10 o . o o � o  o . o  0. 1 0. 3 0. 5 6. 0 · 14. 0 46. 0 
11-20 0. 0. 0. 0 o . o  0. 1 0. 3 0. 5 3. 0 6. 0 40. 0 
21-30 o . o  0. 0 0. 1 0. 1 0. 3 0. 5 2. 1 5. 0 22. 0 
October 
1-10 0. 0 0. 0 0. 1 0. 2 0. 3 0. 5 1. 4 6. 0 35. 0 
1 1-20 o . o  0. 0 0. 1 0. 2 0. 2 0. 3 2. 1 5. 2 49. 0 
21-31 o . o  o . o  0. 1 0. 2 0. 4 0 . 6  1. 9 5. 0 49. 0 
November 
1-10 o . o  0. 0 0. 1 0. 3 0. 5 0. 6 2. 3 4. 2 5 1. 0  
1 1-20 ' o . o  o . o  0. 0 0. 4 0. 7 0. 8 2. 2 6. 0 50. 0 
21-30 0. 0 o . o  0. 0 0. 2 0. 5 0. 7 2. 6 6. 2 40. 0 
December 
1-10 0. 0 0. 0 o . o  0. 1 0. 3 0. 3 1. 5 8. 0 40. 0 
1 1-20 0. 0 0. 0 o . o  0. 0 0. 0 0. 2 1. 0 2. 3 2 1. 0  
. 21-31 o . o  o . o  0. 0 o . o  0. 0 0. 1 1. 1 2. 1 1 7. 0  
Equivalent to the minimum flow recorded 
Flow Duration of  the Big Sioux River 
For Indicated Per iods of the Year 
Station : Brookings 
Per iod of Record : 8/19 53 - 9/1965 
Stat ion _No . ( USGS Des ignation ) � 064800 . 00 
Flow ( cfs ) that was Equalled or Exceeded Dur ing Indicated Per iod of Record 
Time Percent of Time 
Per iod 100%* 90% 80% 70% 60% 50% 25% 10% MAX 
January 
1-10 0 . 5  1 . 0  2 . 0 3 . 0  4 . 0  6 . 0  12 . 0  14 . 0  18 . 0  
1 1-20 0 . 0  0 . 5  1 . 0  2 . 0  3 . 0  4 . 0  9 . 0  12 . 0  14 . 0  
21-31 0 . 0  0 . 1  0 . 5  0 . 5  2 . 0  2 . 0  5 . 0  8 . 0  1 0 . 0  
February 
1-10 o . o  0 . 5 1 . 0 1 . 0  2 . 0  4 . 0  6 . 0  8 . -0 35 . 0  
1 1-20 o . o  0 . 0  1 . 0 1 . 0 3 . 0  4 . 0  5 . 0  9 . 0  135 . 0  
21-29 0 . 0  o . o  1 . 0  1 . 0 3 . 0  3 . 0  7 . 0  165 . 0  700 . 0 
March 
1-10 o . o  0 . 5  1 . 0  3 . 0  5 . 0  8 . 0  5 5 . 0  190 . 0  1 , 240 . 0  
1 1-20 0 . 0  0 . 5 4 . 0  9 . 0  18 . 0  22 . 0  135 . 0  269 . 0  1 ,200 . 0  
21-31 0 . 5  8 . 0  15 . 0  42 . 0  80 . 0  114 . 0  315 . 0  1 , 090 . 0  9, 650 . 0  
Apr i l  
1-10 25 . 0  40 . 0  84 . 0  104 . 0  140 . 0  179 . 0  720 . 0  2, 260 . 0  6, 8 10 . 0  
1 1 -20 21 . 0  62 . 0  84 . 0  1 10 . 0  142 . 0  186 . 0  474 . 0 751 . 0  2 , 770 . 0  
21-30 21 . 0  42 . 0  58 . 0  123 . 0  1 48 . 0  176 . 0  3 1 7 . 0  422 . 0 945 . 0  
May 
1-10 19 . 0  39 . 0  47 . 0  94 . 0  130 . 0  1 5 1 . 0  248 . 0  460 . 0  702 . 0  
11-20 16 . 0  33 . 0  47 . 0  98 . 0  116 . 0  1 47 . 0  318 . 0  380 . 0  727 . 0  
� 1-31 16 . 0  26 . 0  31 . 0  77 . 0  127 . 0  166 . 0  315 . 0  640 . 0  960 . 0  
June 
1-10 20 . 0  27 . 0  38 . 0  59 . 0  79 . 0  9 5 . 0  451 . 0 767 . 0  1 , 3 10 . 0  
1 1 -20 13 . 0  31 . 0  33 . 0  54 . 0 100 . 0  154 . 0 408 . 0  927 . 0  3, 360 . 0  
21-30 8 . 0  20 . 0  41 . 0  50 . 0  70 . 0  90 . 0  366 . 0  601 . 0  922 . 0  ...J 
* Equivalent to the minimum flow recorded 
Flow Duration of  the Big Sioux River 
For Indicated Per iods of the Year 
Station : Brookings 
Per iod of Record � 8/1953 - 9/1965 
Station No . (USGS Des ignation ) : 064800. 00 
Flow ( cfs ) that was Equalled or Exceeded Dur ing Indicated Per iod of Record 
Time Percent of Time 
Period 100%* 90% 80% 70% 60% 50% 2 5% 10% MAX 
July 
1-10 3. 6 19. 0 28. 0 34. 0 57. 0 73. 0  2 39. 0 301 . 0  3, 530. 0 
11-20 2. 4 17. 0 2 3. 0  30. 0 37. 0 45. 0 154. 0 216. 0 1, 8 50. 0 
21-31 0. 8 8. 0 15.0 18. 0 21. 0 2 5. 0  100. 0 590. 0 1, 680. 0 
August 
1-10 0. 4 7. 0 13 . 0  18. 0 2 6. 0  42. 0 168. 0 745 . ·o 1, 810. 0 
11-20 0. 1 4. 2 7. 0 14. 0 17. 0 2 9. 0  155. 0 337. 0 722. 0 
21-31 0. 1 3. 0 6. 0 22. 0 2 4. 0  35. 0 92. 0 200. 0 416. 0 
September 
1-10 0. 0 2. 3 4. 4 13. 0 20. 0 27. 0 5 8. 0  148. 0 259. 0  
11-20 o . o  1. 7 3. 7 13. 0 18. 0 28. 0  6 3. 0  143. 0 5 39. 0 
21-30 0. 3 1. 7 7. 0 16. 0 2 3. 0  32. 0 65 . 0  126. 0 463. 0 
October 
1-10 0. 5 1. 5 5. 0 12. 0 14. 0 19. 0 3 6. 0  90. 0 1 5 6. 0  
11-20· 0 � 8 2. 1 4. 8 14. 0 15. 0 17. 0 35. 0 82. 0 102. 0 
21-31 1. 8 5. 0 8. 0 15. 0 15. 0 17. 0 37. 0 64. 0  114. 0 
November 
· 1-10 · 3. 0 6. 0 12. 0 17. 0 17. 0 19 . 0  39. 0 53. 0  73. 0 
11-20 3. 0 8 . 0 10. 0 17. 0 17. 0 1 9. 0  38. 0 48. 0 66. 0  
21-31 2 . 0 4. 0 6. 0 10. 0 15. 0 17. 0 39. 0 46. 0 86. 0  
December 
1-10 2. 5 3. 0 4. 5 6. 0 9. 0 16. 0 31. 0 42. 0 80. 0 
11-20 1. 0 2 . 0 3. 0 4. 0 6. 0 8. 0 19. 0 2 3. 0  30. 0 ...J 
21-31 2. 0 2. 5 3 , 0 4. 0 6. 0 7. 0 14. 0  18. 0 2 8. 0  
00 
* Equivalent to the minimum flow recorded 
Flow Duration of the Big Sioux River 
For Indicated Periods of the Year 
Station : Skunk Creek 
Period of Record : 6/1968 - 9/1965 
Station No. (USGS Designation) : 064815. 00 
F·low (cfs) that was Equalled or Exceeded During Indicated Period- of Record 
Time Percent of Time 
Period 100%* 90% 80% --70% _ 60% 50% 2�i 10% MAX 
January 
1-10 0 . 0  0 . 3  0. 7 1 . 0 1. 3 2. 5 . 3. 5  5. 0 9. 0 
11-20 0 . 0  0. 1 0 . 3 0. 4 0 . 8  1. 5 3. 0 4. 6 8. 0 
2 1-3 1 0. 0 o . o  0 . 1 0. 2 0. 5 0. 7 2. 0 3. 8 6. 0 
February 
1-10 0. 0 0 . 0  0. 1 0. 4 1 . 0 1. 3 2. 7 8. 0 130. 0 
1 1-20 0 . 0  0. 0 0 . 3 0. 6 1 .  3 2. 0 4. 0 40. 0 450. 0 
2 1-29 0 . 0  0 . 1 0. 4 0. 5 1 .  3 2. 0 8. 0 50. 0 400. 0 
Mar ch 
1-10 0. 0 0 . 5  1. 0 1. 8 2 . 5  8. 0 25. 0 • 100. 0 1 , 800. 0 
1 1-20 0. 3 1. 1 1. 5 2. 9 7. 0 13. 0 65. 0 175. 0 1 , 550. 0 
21-31 0. 3 2. 9 9. 0 20. 0 32 . 0  46. 0 134. 0 730. 0 6 , 080. 0 
Apr i l 
1-10 1. 2 16 . 0  22 . 0  27. 0 39 . 0 " 68. 0 517. 0 1 , 060. 0 3 , 700 . 0  
1 1-20 0. 8 6 . 0  16 . 0  . 23. 0 29 . 0  39. 0 203. 0 366 . 0  707 . 0  
21-30. 0 . 3 2 . 9  14. 0 1 8 . 0  22 . 0  32. 0 100 . 0  201 . 0  77 1 . 0 
May 
1-10 0 . 2  5 . 0  8 . 0  12. 0 2 6. 0  44 . 0  91. 0 172 . 0  613 . 0  
1 1-20 . 1. 2 2. 6 1 6 . 0  22 . 0  27 . 0  34. 0  88 . 0  171. 0 543 . 0  
21-3 1 0 . 9  3 . 8  9. 0 1 6 . 0  29. 0 44 . 0  88. 0 1 30. 0 1 , 290 . 0  
June 
1-10 0 . 8 3. 5 6. 3 11 . 0  19. 0 25 . 0  55. 0 91. 0 1 , 150. 0 
1 1-20 0 . 9  2 . 7 6 . 0  10. 0 1 8 . 0  23 . 0  58 . 0  141. 0 11 , 500. 0 
21-30 0. 2 1 . 0  1. 6 3 . 0 7. 0 12. 0 83. 0 344 . 0  2 , 050. 0 
Equivalent to the minimum flow recorded (0 
Flow Duration of the Big Sioux River 
For Indicated Periods of the Year 
Station : Skunk Creek 
Period of Record : 6/1948 - 9/1965 
Station No. (USGS Designation) : 064815 . 00 
Flow (cfs) that was Equalled or Exceeded During Indicated Period of Record 
Time 
Period 100%* 90% 80% -- 7_0%_ -
July 
1-10 0 . 2  0 . 7 1 .  7 3 . 2  
11-20 0 . 0  0 . 6  1 . 1 2 . 3  
2 1-31 0 . 0  0 . 3 0 . 6 1 . 0  
August 
i - 10 o . o  0 . 4 0 . 7 1 . 1 
11-20 0 . 0  0 . 1 0 . 3  0 . 8 
21-31 0 . 0  0 . 3 0 . 4  1 . 4 
September 
. i - ! 0  0 . 0  0 . 2  0 . 4 l . 0  
: - ::? o ' J  o ,. , 0 . 4  0 . 8  
2 I - 3 (' i) , ,  l) . .  ; 0 . 6  l '. • I  
0cto : ,er  
l - 1.(j () . ? 8 , d. :"J • � 
11-20, 0 . t. 0 . 2  0 . 4  0 . 8  
2 1-31 o . . o 0 . 3 0 . 6 l .  5 
November 
. 1-10 . 0 . 2  0 . 4 1 .  4 2 . 2 
11-20 0 . 2 0 . 6  1 . 0  2 . 1 
2 1-30 0 . 2  0 . 6  1 . 1 2 . 0 
December 
1-10 0 . 1 0 . 6  1 . 0  2 . 0 
11-20 0 . 0  0 . 1 0 . 5 1 .  4 
2 1-31 0 . 0  0 . 4 0 . 6  1 . 1 
* Equivalent to the minimum flow recorded 
Percent of Time 
60% --- 50% 
4 . 7  8 . 0  
3 . 2  4 . 7  
2 . 3  3 . 3  
2 . 5  3 . 4  
1 . 6  2 . 9  
2 . 1  3 . 3  
2 . 1  2 . 9  
. L '7 2. ,. 3 
• .  f. 2 . 5  
.> <., 
i .  8 '2 . 2 
2 .  j -� . t 
2 . 7 3 . 5  
2 . 8  3 . 5 
2 . 8  3 . 8  
3 . 2  3 . 6  
2 . 6  2 . 9  
2 . 0  2 . 6 
2 5% 10% 
5 7 . 0  236 . 0  
48 . 0  15 1 . 0  
2 6 . 0  226 . 0  
32 . 0  160 .-0 
4 3 . 0  149 . 0  
2 5 . 0  78 . 0  
1 3 . 0  80 . 0  
R J ) 3 6 . 0  
.... 0 . 0  .; ,' L 0 
J.. I  . n  .�h · '  
-� . () · . , . 0  
P . 0  .1 4 .  0 
9 . 6  20 . 0  
6 . 0  18 . 0  
7 . 6  12 . 0  
6 . 0  8 . 0  
4 . 5  7 . 0  
4 . 0  7 . 0  
MAX 
1, 460 . 0  
496 . 0  
2 , 580 . 0  
300 . 0  
359 . 0  
186 . 0  
13 1 . 0  
".i. 0 5 . v  
� 2 � . \J· 
· . 7 
46 . 0  
6 4 . (;  
45 . 0  
45 . 0  
2 5 . 0  
55 . 0  
40 . 0  O') 
20 . 0  0 
Flow Duration of the Big S ioux River 
For Indicated Per iods of the Year 
Stat ion : Sioux Falls  
Per iod of Record : 9/1943 - 9/1960 
Stat ion No . (USGS Des ignat ion ) : 064820. 00 
Flow ( cfs ) that was Equal led or Exceeded Dur ing Indicated Per iod of Record 
Time Percent of Time 
Per iod 100%* 90% 80% 70% 60% 50% _ - - _ 2 5% -- -- 10% MAX 
January 
1-10 3. 0 4. 5 9. 0 12 . 0  20. 0 2 5 . 0  35 . 0  85 . 0  120 . 0  
11-20 2. 0 4. 0 7. 0 10. 0 15. 0 2 1 . 0 35 . 0  60 . 0  85 . 0  
2 1-31 0. 5 2 . 5  4 . 0  7 . 0  9. 0 14. 0 30 . 0  5 6 . 0  2 50. 0 
February 
1-10 2 . 0  2. 5 6. 0 7 . 0  9 . 0  10 . 0  20. 0 70 . 0 . 2 55 . 0  
11-20 1. 0 3 . 5  5. 0 8. 0  9 . 0  12 . 0  70. 0 350. 0 2 , 020 . 0  
2 1-29 1. 0 4. 0 6. 0 10. 0 15 . 0  60 . 0  ' 230. 0 500 . 0  4 , 950 . 0  
Mar ch 
1-10 . 3. 0 7. 0 10 . 0  50. 0 76. 0 90 . 0  340 . 0  1 , 000 . 0  2 , 700 . 0  
11-20 2. 5 5 . 0  30 . 0  62 . 0  110. 0 2 50. 0 9 10 . 0  2 , 080 . 0  3 , 480. 0 
2 1-31 5. 0 60. 0 114 . 0  250. 0 3 10. 0 550 . 0  1 ,410 . 0  3 , 030 . 0  11 , 000 . 0  
Apr il 
1-10 47. 0 155 . 0  2 51 . 0  370. 0 593. 0 717 . 0  1 , 860 . 0  6 , 230. 0 13 , 000. 0 
11-20 43·. o 150. 0 2 11. 0  330. 0 434 . 0  550. 0 1 , 080 . 0  2 , 970 . 0  9 , 100. 0 
2 1-30 30. 0 82 . 0  228. 0 3 11 . 0 434 . 0  466. 0 843 . 0  2 , 270 . 0  3 , 980 . 0  
May 
1-10' 2 8. 0 72. 0 176. 0 257. 0 350. 0 ' 418 . 0  1 , 110. 0 1 , 680. 0 2 , 5 10 . 0  
11-20 30. 0 59 . 0  135. 0 207 . 0  256. 0  409. 0 980. 0 1 , 200 . 0  1 , 640 . 0  
2 1-31 23. 0 52 . 0  108 . 0  256 . 0  346. 0 433 . 0  742. 0 1 , 020. 0 2 , 640. 0 
June 
1-10 24. 0  53. 0 144. 0 220. 0 277 . 0  375 . 0  622. 0 822. 0 3 , 630. 0 
11-20 2 1. 0  43 . 0  80. 0 198 . 0  272. 0 373. 0 775. 0 1 , 820. 0 13 , 800. 0 00 
2 1-30 , 12. 0 47 . 0  67. 0 157. 0 2 66. 0 434 . 0  984 . 0  1 , 460 . 0  7 , 320. 0 ..... 
* Equivalent to the minimum flow record 
Flow Duration . of the Big Sioux River 
For Indicated Periods of the Year 
Station: Sioux Falls 
Period of Record : 9/1943 - 9/1960 
Station No . (USGS Designation) : 064820 . 00 
Flow ( cfs) that was Equalled or Exceeded During Indicated Period of Record 
Time Percent of Time 
Period 100%* 90% 80% 70% 60% 50% 2 5% 10% MAX 
July 
1-10 4 . 6  29 . 0  60 . 0  101 . 0  139 . 0  3 30 . 0  833 . 0  1, 130 . 0  3, 5 60 . 0  
11-20 1 . 6 25 . 0  66 . 0  8 3 . 0  184 . 0  2 89 . 0  509 . 0  678 . 0  3, 300 . 0  
2 1-30 1 . 4  19 . 0  40 . 0  6 1 . 0  158 . 0  2 32 . 0 3 60 . 0  6 10 . 0  3, 320 . 0  
August 
1-10 1 . 9  13 . 0  4 1 . 0  65 . 0  119 . 0  152 . 0  3 68 . 0  5 16 .. 0 1, 500 . 0  
11-20 2 . 8  6 . 0 34 . 0  5 1 . 0  92 . 0  118 . 0  305 . 0  6 15 . 0 1, 090 . 0  
2 1-31 2 . 2  3 . 4  28 . 0  44 . 0  96 . 0  113 . 0  · 2 68 . 0  480 . 0  1, 020 . 0  
September 
1-10 1 .  4 3 . 2  18 . 0  58 . 0  80 . 0  94 . 0  223 . 0  337 . 0  962 . 0  
11-20 0 . 6 2 . 8  16 . 0  48 . 0  66 . 0  8 3 . 0  205 . 0  350 . 0  678 . 0  
21-30 1 . 2 3 . 2  34 . 0  57 . 0  72 . 0  80 . 0  167 . 0  246 . 0  620 . 0  
October 
1-10 1 . 0  3 . 1  23 . 0  54 . 0  65 . 0  70 . 0  157 . 0  2 74 . 0 5 68 . 0  
11-20 0 � 7 2 . 2  2 1 . 0  52 . 0  60 . 0  65 . 0  12 6 . 0  2 5 8 . 0  595 . 0  
2 1-31 0 . 9  3 . 7  2 4 . 0  48 . 0  58 . 0  64 . 0  97 . 0  2 5 1 . 0 373 . 0  
November 
1-10 . 0 . 9  3 . 6  30 . 0  47 . 0  54 . 0  66 . 0  106 . 0  155 . 0  418 . 0 
11-20 3 . 6  7 . 0 33 . 0  44 . 0  57 . 0  65 . 0  96 . 0  149 . 0  442 . 0  
2 1-30 5 . 0 8 . 0 25 . 0  40 . 0  50 . 0  54 . 0  113 . 0  150 . 0  396 . 0  
December 
1-10 3 . 0  6 . 0  20 . 0  35 . 0  45 . 0  5 1 . 0  95 . 0  140 . 0  180 . 0  
11-20 2 . 5  5 . 0 15 . 0  22 . 0  33 . 0  38 . 0  70 . 0  118 . 0  2 50 . 0  
2 1-31 3 . 0 6 . 0  15 . 0  20 . 0  20 . 0  3 1 . 0  5 7 . 0  92 . 0  250 . 0  f\) 
* Equivalent to the minimum flow recorded 
Flow Durat ion of the Big Sioux River 
For Indicated Periods of the Year 
Stat ion : Brandon 
Per iod of Record : 7/1959 - 9/1965 
Stat ion No . (USGS Des ignation ) � 064821. 00 
Flow ( cfs ) that was Equalled or Exceeded Dur ing Indicated Per iod of  Record 
Time Percent of Time 
Per iod 100%* 90% 80% 70% 60'.lo 50% 25'.lo 10'.lo MAX 
January 
1- 10 14. 0 15. 0 18. 0 20. 0 22. 0 23 . 0  38 . 0  45. 0 54. 0 
11-20 10. 0 14. 0 17. 0 18. 0 20. 0 22. 0 29. 0 30. 0 40. 0 
21-31 9. 0 16 . 0  16. 0 17. 0 18. 0 20. 0 25. 5 27. 0 28. 0 
February 
1- 10 10. 0 14. 0 19. 0 20. 0 22. 0 22. 0 28. 0 32 � 0  55. 0 
11-20 10. 0 12. 0 16 . 0  18. 0 25. 0 30. 0 38. 0  45. 0 80. 0 
21-31 10 . 0  12. 0 16. 0 18. 0 18. 0 20. 0 38. 0 400. 0 744 . 0  
March 
1-10 12. 0 15. 0 17. 0 20. 0 25. 0 32. 0 47. 0 9 16. 0 1, 680. 0 
11-20 15. 0 15 . 0  26. 0 30. 0 52. 0  65. 0 255. 0 576. 0  1, 230. 0 
21-31 23. 0  45. 0 70. 0 100. 0 141. 0 195. 0 500. 0 1, 500. 0 15, 500. 0 
April 
1-io 182. 0 196. 0  321. 0 388. 0 590. 0 972. 0 5, 950. 0 9, 5 60. 0 13, 200. 0 
11-20 145_. o  169. 0 2 19. 0 252. 0 5 39. 0  762. 0 1, 640. 0 3, 460. 0 6, 990. 0 
21-30 130. 0 145. 0 193. 0  2 16. 0 526. 0 624. 0 750. 0 882 . 0  1, 130. 0 
May 
1-10 � 11. 0 143. 0 252. 0 341. 0  420. 0 444. 0 554. 0  6 10. 0 1, 820. 0 
11-20 155. 0  188. 0 279. 0 308. 0 361. 0  424. 0 684 . 0  820. 0 1, 240. 0 
.21-31 185 . 0  228. 0 267. 0 327. 0 375. 0  462. 0 975. 0 1, 4 10. 0 1, 650. 0 
June 
1-10 120 . 0  137. 0 180. 0 202. 0 210. 0 243. 0 1, 010. 0 1, 5 10. 0 2, 140. 0 
11-20 98 . 0 105. 0 185. 0 208. 0 267. 0 306. 0 988. 0 1, 6 60 . 0  2, 120. 0 
21-30 79. 0 116. 0 139. 0 174. 0 202. 0 228. 0 794. 0 1, 080. 0 1, 520. 0 
* Equivalent to the minimum flow recorded 
Flow Durat ion of the Big S ioux River 
For Indicated Per iods of  the Year 
Station : Brandon 
Period of Record : 7/1959 - 9/1965 
Stat ion No . (USGS Designation ) : 064821.00 
Flow ( cfs ) that was Equal led or Exceeded Dur ing Indicated Per iod of  Record 
Time Percent of Time 
Period 100%* 90% 80% 70% 60% 50% 25% 10% MAX 
July 
1-10 18. 0 24. 0 96.0 114. 0 120.0 139. 0 407 . 0  994 . 0  2 ,380. 0 
11-20 11. 0 15. 0 74. 0 98.0 111 . 0  124. 0 246 . 0  2 , 080 . 0  2 , 630 . 0  
21-31 8. 0 12. 0 41. 0 54. 0 65. 0 80. 0 215. 0 148 . 0  2 ,350. 0 
Augu�t 
1-10 8. 0 28. 0  39.0 56. 0 63 . 0  80 . 0  822. 0 1 , 270. 0 1 , 610. 0 
11-20 14.0 18 . 0  25. 0 39. 0  49 . 0  56. 0 266 . 0  606. 0 774 . 0  
21-31 19.0 32.0 38 . 0  58. 0  65. 0 74 . 0  185 . 0  335. 0 466 . 0  
September 
1-10 15.0 25. 0 36 . 0  50. 0 58. 0  63. 0 150 . 0  334 . 0  3 78 . 0  
11-20 14.0 24. 0 32. 0 34. 0  56. 0 73 . 0  107. 0 219 . 0  325. 0 
21-30 13. 0 31. 0 38. 0  40.0 68 . 0  86. 0 173 . 0 305. 0 392 . 0  
October 
1-10 19. 0 22. 0 25. 0 28. 0 38 . 0  57. 0 150. 0 182. 0 243. 0 
11-20 14. 0 20. 0 26. 0 28. 0 38. 0  51. 0 116. 0 145. 0 162 . 0  
21-31 21. 0. 25. 0 26. 0 33 . 0  38. 0 50. 0 123 . 0  132. 0 159 . 0  
November 
1-10 25. 0 29. 0 31. 0 34. 0  50. 0 54. 0  109. 0 116. 0 128 . 0  
11-20 22 . 0  25.0 30. 0 32 . 0  40. 0 49 . 0  95. 0 102. 0 107 . 0  
'21-30 15. 0 23. 0 25. 0 26. 0 30. 0 42.0 86 . 0  95.0 105. 0 
December 
1-10 16. 0 18. 0 25. 0 26. 0 38. 0 44 . 0  69 . 0  96. 0 117. 0 
11-20 12. 0 12. 0 24. 0 26. 0 30. 0 36 . 0  50.0 55. 0 65. 0 00 
21-31 10. 0 14. 0 24. 0  25. 0 26. 0 30 . 0  36 . 0  51. 0 54. 0  
� 
* Equivalent to the minimum flow r ecorded 
Flow Durat ion of  the Big Sioux River 
For Indicated Per iods of the Year 
Stat ion : Akron 
Per iod of Record : 10/1928 - 9/1965 
Stat ion No . (USGS Des ignation ) : 064855. 00 
Flow ( cfs ) that was Equal led or Exceeded Dur ing Ind icated Per iod of Record 
· Time Percent of Time 
Per iod 100%* 90% 80% 70% 60% 50% 25% 10% MAX 
January 
1-10 18. 0 37. 0 44. 0 51. 0 70. 0 90. 0 145. 0 170. 0 360. 0 
11-20 15. 0 30. 0 41. 0 50. 0 60. 0 75. 0 125. 0 165. 0 1 , 000. 0 
21-31 14. 0 25. 0 40. 0 50. 0 65. 0 70. 0 97. 0 176. 0 960. 0 
Febr�ary 
1-10 11. 0 25. 0 45. 0 60. 0 70. 0 s·s . o  125. 0 400. 0 1 , 240. 0 
11-20 11. 0 30. 0 55. 0 65. 0 80. 0 100. 0 280. 0 918. 0 3 , 950. 0 
21-29 7. 0 45. 0 65. 0 83. 0 100. 0 135. 0 660. 0 1 , 970. 0 15 , 400. 0 
March 
1-10 11. 0 70. 0 l lO . O  140. 0 270. 0 500. 0 1 , 500 . 0  4 , 360. 0 13 , 300. 0 
11-20 50. 0 107. 0 141. 0 269. 0 500. 0 882. 0 - 2 , 490. 0 6·, 100. 0 13 , 300 . 0  
21-31 50. 0 153. 0 393. 0 573. 0 882. 0 1 ,320. 0 3 , 050. 0 5 , 450. 0 50 , 700. 0 
Apr i l  
1-10 142. 0 356. 0 573. 0 766. 0 988. 0 1 , 230. 0 2 , 660. 0 13 , 400. 0 44 , 000. 0 
11-20 123.-0 295. 0 405. 0 581. 0 730. 0 910. 0 1 , 440. 0 5 , 520. 0 15 , 600. 0 
21-30 99. 0 195. 0 427. 0 517. 0 637. 0 786. 0 1 , 510. 0 2 , 520. 0 6 , 230. 0 
May 
1-10 78. 0 281. 0 380. 0 470. 0 588. 0 736. 0 1 ,380. 0 2 , 550. 0 4 , 820. 0 
11-20 63. 0 240. 0 318. 0 387. 0 495. 0 643. 0 1 , 470. 0 2 , 550. 0 6 , 220. 0 
21-31 48. 0 183. 0 263. 0 375. 0 538. 0 701. 0 1 , 610. 0 3 , 000. 0 8 , 000. 0 
June 
1-10 41. 0 206. 0 282. 0 417. 0 563. 0 684. 0 1 , 460. 0 3 , 110. 0 20 , 000. 0 
11-20 78. 0 191. 0 275. 0 433. 0 536. 0 667. 0 1 , 650. 0 5 , 450. 0 12 , 100. 0 
21-30 54. 0 177. 0 260. 0 367. 0 492. 0 738. 0 1 , 810. 0 3 , 330. 0 20 , 100. 0 
00 
01 
* Equivalent to the minimum f low recorded 
Flow Duration of the Big Sioux River 
For Indicated Periods of the Year 
Station : Akron 
Period of Record : 10/1928 - 9/1965 
Station No. (USGS Des ignation) :  064855.00 
Fiow (cfs) that was Equalled or Exceeded During Indicated Period ·of Record 
Time Percent of Time 
Period 100%* 90% 80% 70% 60%_ 50% . .  25% 10% MAX 
July 
1-10 58.0 157.0 227.0 305.0 380.0 490.0 1, 600.0 3, 260.0 10, 800.0 
11-20 40.0 123.0 166.0 245.0 310.0 392.0 1, 000.0 1, 810 . 0  9, 340.0 
21-31 30.0 93.0 120.0 161.0 249.0 383.0 785.0 1, 750.0 6, 210.0 
Augus_t 
1-10 26.0 80.0 97.0 126.0 231.0 348 . 0  752 . 0  1, 570.0 15, 400.0 
11-20 31.0 75.0 102.0 166.0 213.0 314 , 0  839 . 0  1, 330 . 0  3, 610 . 0  
21-31 28.0 74.0 105.0 142.0 196.0 243.0 510.0 968.0 6, 860.0 
September 
I 
1-10 · 33.0 67.0 91.0 130.0 178.0 221.0 573.0 1, 090.0 10, 700.0 
11-20 31.0 51.0 72.0 1 1 3.0 180.0 274.0 562.0 . 1 , 170.0 9, 1 10.0 
21-30 30.0 45.0 72.0 123.0 170.0 242.0 445.0 839.0 3, 570.0 
October. 
1-10 29.0 50.0 72.0 . 113.0 1 37.0 207.0 334 . 0  524 . 0  1, 600.0 
11-20 30.0· 52.0 74.0 108.0 152.0 198.0 309 , 0  600.0 1, 400.0 
21-31 29.0 . 55.0 74.0 109.0 1 32.0 191.0 257.0 452.0 963.0 
November 
1-10 38.0 59.0 83.0 104.0 134.0 186.0 299.0 456.0 816.0 
1 1-20 40.0 60.0 81.0 108.0 135.0 177.0 283.0 394.0 807.0 
2'1-30 30. 0 64.0 82.0 105.0 144.0 171.0 260.0 448.0 759.0 
December 
1-10 25.0 51.0 70.0 86.0 105.0 140.0 200.0 360.0 852.0 
. 11-20 25.0 42.0 60.0 75.0 100.0 1 10.0 1 77.0 310.0 549.0 
21-31 , 25.0 41.0 60.0 65.0 85.0 100.0 180.0 231.0 400.0 
* Equivalent to the minimum flow recorded 
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APPENDIX B 
Sample Calculations 
88 
As an illustration of how the estimated decrease in river flow 
due to increased irrigational development was calculated, calculations 
for the months of May and June are as follows. During the month of 
May, an average depth of 0. 6 inches of water would be applied to each 
acre of land irrigated. In  2010, an estimated 2600 acres of land 
would be irrigated using water from surface sources, which give a 
total volume of 130 acre-feet of water applied to the land being 
irrigated. Of this total volume of 130 acre-feet, 60 percent will 
be consumptively used. Thus, 78 acre-feet of water will not be 
available for river flow during the month of May. These 78 acre­
feet of water would be taken from the river during the month of May 
and this gives an average rate of decrease in river flow during that 
month, of 2. 5 acre-feet per day or 1. 25 cfs . It should be noted that 
the return irrigation water, the remaining 40 percent of the water 
that was applied, was assumed to have returned back to the river 
during that same month of May. It was assumed to have returned back 
to the river within that short time period because it was believed 
that most or nearly all of the surface source irrigators would irri-
gate land very close to the river . Hence, some return flow may drain 
directly �o the river and that which did percolate to the groundwater 
would, within a short time, begin flowing back toward the river . 
In 2010, an estimated 10, 200 acres of land would be irrigated 
using groundwater as the source of irrigation water . For the month 
8 9  
of May, the 0. 6 inches of applied water gives a total volume of 510 
acre-feet of irrigation water being applied, or 306 acre-feet of 
water being consumptively used. This 306 acre-feet of water would 
decrease the river flow equally during the months of May through 
February. Thus, the average rate of decrease in flow during this 
ten month· period would be 1. 0 acre-feet per day or about 0 . 51 cfs. 
Hence, the total decrease in river flow in May, 2010, attributed to 
the expected increase in irrigational development would be the sum 
of the decrease in river flow due to surface source irrigation during 
May (1. 25 cfs) and the decrease in river flow due to groundwater 
source irrigation during May (0. 51 cfs), or about 1 . 8  cfs. 
Calculations similar to those for May were made for the month of 
June. From these calculations it was determined that the decrease 
in river flow in June, 2010, due to surface source irrigation would 
be 3 . 46 cfs. The decrease in river flow in 2010 from June through 
February due to the groundwater source irrigation duri�g the month 
of June would be 1. 50 cfs. Thus, the total decrease in river flow 
in June, 2010, attributed to the expected increase in irrigational 
development would be the sum of the decrease in river flow due to 
surface s9urce irrigation during June (3 . 46 cfs), and the decrease 
in river flow due to groundwater source irrigation during both the 
months of May and June (0. 51 cfs and 1. 50 cfs), or about 5. 47 cfs. 
